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Abstract 
Human Computer Interaction Design for Data Mining in Cancer Registries 
by Grace B. Kanza 
 
Cancer registries are created, managed and data mined to gain knowledge about long-term 
outcomes, effects of the medication and clinical factors influencing the patient well-being. 
Such clinical registries have been a good source of information and are used for research 
purposes in areas such as epidemiological research and healthcare planning and monitoring 
for evaluating and planning cancer control programs across the different regions. They 
contain a lot of data that require good visualisation techniques in order to extract meaning. 
Interest among different user groups (clinicians, medical students, and the public) creates 
expectations regarding the results and active role in the development and interactive use of the 
information. 
Following the need for flexible and easy to use user interfaces, this thesis looks at reports 
based on the data mined from the Swedish Cancer Registry as a starting point in suggesting 
how this data could be presented to the audience in smart and user-friendly interfaces that 
enhance the utilization of information kept in such data resources. 
Personal Kanban was used to manage the design process, which combined Parallel and 
Iterative design process models for designing a prototype solution. The resulting prototype 
provided users with a choice of several data visualisation possibilities following the users’ 
tasks and goals. Heuristic evaluation with experts was used to evaluate elements of the user 
interfaces. The prototype had high scores on all the design dimensions: visibility of system 
status; match between the system and the real world; user control and freedom; consistency 
and standards; error prevention; recognition rather than recall; flexibility and efficiency of 
use; aesthetic and minimalist design; help users recognize, diagnose, and recover from errors; 
and help and documentation.	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Chapter 1: Introduction 
	  
Long-term studies with a high number of subjects are trusted to give statistically meaningful 
results and a reliable insight into the patient outcomes. Medical registries have been 
developed using fewer data items, limiting the number of primary and secondary end points, 
but they keep the ambition of gathering data from several centres, both nationally and 
internationally. They allow several periodic analyses and some flexibility in generating 
reports. 
However, for many years researchers and physicians have had to deal with more than one tool 
to obtain, analyze and visualize data from different medical registries. Reports have been 
published offline and once the gathered data was verified, data sets were sent away for 
analysis to the statisticians, which has often been time consuming. Reports resulting from 
those analyses typically come back in a form of a file, which could be tedious to follow in a 
data-mining manner. Having to look at never ending rows and columns of numbers is 
cognitively a demanding task that could be eased by human computer interaction 
methodology. 
A hypothesis could be made to explore how a smart design for visualizing data could benefit 
mining the data from what is usually called big data (Eaton, Deroos, Deutsch, Lapis, & 
Zikopoulos, 2012). In this context, the notion of big data stands for the combination of 
various clinical data, images, and textual information found in these registries; all of which is 
the reality of the patient management, clinical research and education.  
This thesis looks at the Swedish Cancer Registries and the report based on it. It provides 
several alternative user interfaces in which data mining could be implemented in order to 
enable efficient and user-friendly data visualisation. 
 
The Cancer registries and web-based medical data sources containing information about 
cancer related studies, are subjects of change as new data brings new information and holds 
insights into the patient population, disease treatment, and changing patterns. Despite the 
challenges of data mining, there are possibilities to employ existing technologies. They could 
enable integration of distributed systems and assist users to contribute their data and track 
changes happening with time and new incoming data. This also helps compare already 
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existing information and analyse selected samples based on diagnosis, age, treatment and 
quality of life, to mention some of the possibilities.  
This thesis has used the Waikato Environment for Knowledge Analysis – WEKA (Hall et al., 
2009) project as a starting point for designing user interfaces and as an example of data 
mining software that provides graphical user that can be used to mine and present data in 
different computing environments.  
 
 
1.1 Research Problem and Objectives 
	  
This thesis will be part of a new project that will be run by the Swedish Oncology Research 
Group at the institute of Oncology at the University of Linkoping. The project aims at 
enhancing data mined from the cancer registries. 
The place of my thesis in this project will be to provide smart visualisation designs for data 
mining from the registries. A smart visualisation solution is not in use in this particular area. 
For the pilot study, the material of Swedish cancer register regarding the incidences of 
cancers in different regions of the country has been used. 
The Swedish Cancer Registry is a collection of data about the incidences of cancer in the 
different regions of the country (Ericsson et al., 2011).   
Currently, extracting data from the registry is done through sending a request to statisticians 
who will retrieve the data requested and then forward it to the researchers and physicians for 
their analysis. This is done with the help of statistical tools such as the SPSS (Coakes & 
Steed, 2009) and SAS software (Khattree & Naik, 2000). This process is rather primitive and 
time consuming as it involves several stages from data request to data availability. We are 
expecting that by giving the researchers and physicians the possibility of direct interaction 
with the system will speed up the process and make learning and knowledge extraction more 
efficient and more fruitful as it would be possible to spontaneously explore more data. 
Another gain of good interaction design is users’ freedom to test hypothesis, ideas and minor 
tasks that are seldom requested in the current forms of work.  
In planning data mining research, the phenomenon of big data has to be mentioned since it 
brings new challenges for data mining. What seems to be easy for a physician might be more 
demanding in reality. For example, combining all sorts of data that are available under the 
umbrella term of ‘big data’ might prove technologically demanding as it would mean 
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combining and analysing mixture of quantitative, qualitative and textual image data. In 
comparison, cancer registries seem to be still a manageable challenge as they collect a high 
quality data using clinical criteria and follow well defined data collection and data 
maintenance standards. Research hypothesis of this thesis are the following: 
• Data visualisation can support data mining from the cancer registries. 
• There are different case studies following the demands of the current cancer practises. 
• Patients are also user group to consider for exploration of clinical data. 




1.2 User groups 
	  
There was three different user groups identified as potential users that this design targets: 





This is the user group with the widest spectra since they continuously use data mined from the 
cancer registries for research purposes and improving clinical practices. They do not have 
direct interaction with the registries, but use statisticians to obtain the data. For instance, for 
reporting certain cancer incidences at regional level, they would obtain the data after going 
through a series of steps and only then, can they analyze this data and make the report of 
particular interests to them. The data is often delivered with some delay and comes in many 
rows and columns, which makes it difficult to easily extract information. Therefore, by having 
smart and user-friendly interfaces changes could be made to improve interactions with the 
registry system. Direct interactions between the clinicians and the data will reduce the steps 
they are now performing. This will eventually prevent loosing the site over the information 
and it will provide users with alternative interfaces to view the data. 
A good example is when researchers explore the mined data in order to detect trends or make 
hypothesis, it is important for them to have an overview of all the variables, which they think 
could be of impact.  
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1.2.2 Medical students 
	  
For students, the resulting prototype opens up learning possibilities as it can be used as an e-
learning tool by defining tasks in which the mined data could be used, for instance, connect 
types of cancers, their treatments and the study outcomes to do research even at the student 
level. User interface with a good visualization technique will allow a student to explore 
relationships in the data to combine different representation forms and to understand 
relationships which otherwise could be hard to find. 
 
 
1.2.3 The Public 
 
The current system allows the public to view the data from the cancer registries in form of the 
annual reports. The public gets a limited access due to the nature and sensitivity of the data 
stored in these clinical data resources. Even though a lot of this data is publicly available, it is 
still not easy to extract information due to the way the data is presented. The many rows and 
columns of the data are tedious and not at all encouraging to go through in search for specific 
information. Therefore, the need to ease the ways of presenting data is of crucial importance. 
The designed prototype provides possibilities to look at the published reports resulting in 
several easy to follow interfaces. 
The inclusion of other related data from several data resources will assist users in obtaining 
more information about the particular type of cancer selected. For example, the prototype 
provides the possibility for users to search for ongoing clinical trials that are related to the 
selected type of cancer where they can see the purposes of the trials, outcomes, enrolment 
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1.3 Research Question  
 
This research will address the following questions; 
• How can Human Computer Interaction make interfaces for data visualisation in data 
mining more efficient and user friendly? 
• How can the research of this thesis help transform the current state of presenting data 
from the cancer registries to a better and preferred state? 
• How can smart user interfaces enable good data visualisation for different users 
groups? 




1.4 Structure of the Thesis 
 
This structure of this thesis is as follows: 
• Chapter 1 provides an introduction to the thesis, and presents the research problem 
and objectives; the target user groups and the research questions. 
• Chapter 2 provides a description of the fundamental concepts underlying the theme of 
this thesis and that subsequently appeared throughout the thesis chapters when 
reviewing related works. 
• Chapter 3 describes the design science methodology and the research methods that 
were followed.   
• Chapter 4 explores the design process by presenting the tasks and workflow; tools and 
technologies used and the establishment of the requirements. 
• Chapter 5 provides a description of the prototype development process with Personal 
Kanban and the three iterations as the main components of this chapter. 
• Chapter 6 presents the evaluation results and the discussion. 
• Chapter 7 contains the suggested long and short-term future works, and the conclusion 
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Chapter 2: Basic Concepts and Related Work 
 
This chapter presents the definitions of the basic concepts that will dominate this thesis and 
on which the literature survey is based. 
Since this research project presents a solution that has not been previously used to visualize 
data from bigger data sources, the literature search will touch Information System technology 
and clinical domains such as cancer, organised after registries that are themselves huge data 
storages organised after sound domain concept. From the Information Technology (IT) point 
of view, the literature will focus on data mining, data visualisation, user experience, usability, 
design principles and big data. It will deepen into the area of design and human computer 
interaction, which are expected to provide approach and solutions to data visualisation and 
efficient user interaction with cancer registry data. The thesis will also reason about the 
possibility of individualized, and personalised convenient ways of data mining using small 
devices such as mobile phones and tablet to display data mining. 
 
 
2.1 Data Mining 
 
Data mining is sometimes referred to as data or knowledge discover. Shaw, Subramaniam, 
Tan, and Welge (2001), defines data mining as, “the process of searching and analyzing data 
in order to find implicit, but potentially useful, information” (p.128). 
In support of this, Wilson, Thabane, and Holbrook (2003) use databases as the primary source 
of data and define data mining “as the application of statistical techniques, e.g. Predictive 
modelling, clustering, link analysis, deviation detection and disproportionality measures, to 
databases” (p.128). 
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Since they complement each other well, the two definitions will be used when referring to 
data mining in this thesis. 
Data mining tools such as the WEKA software (Hall et al., 2009) and the Massive Online 
Analysis (MOA) software (Bifet, Holmes, Kirkby, & Pfahringer, 2010) facilitate extraction of 
meaning from different data sets.  
Waikato Environment for Knowledge Analysis (WEKA) is a collection of machine learning 
algorithms useful for extracting information from large databases. It is open source software 
implemented in Java and is executable on different platforms either by using the command 
line or Graphical User Interface (GUI). In addition, its algorithms can be called from a 
customized Java code or can directly be applied to a dataset. The software can provide data in 
two main ways. The first is by allowing the possibility of loading data from databases, files 
and Universal Resource Locators (URLs) with the help of supported formats. The second is 
the possibility to generate data from artificial data sources where the generated data can be 
edited manually with a dataset editor (Kirkby, 2007). 
According to Hall et al. (2009) the WEKA software has currently several user interfaces 
designed for different data presentations on PCs and large screens , but not much has been 
done to incorporate data presentation on mobile devices.  
The Massive Online Analysis (MOA) is an open source framework for data stream mining 
that is meant for algorithm implementations and the execution of online learning experiments. 
It has many similarities to the WEKA software mentioned earlier and supports bi-directional 
interaction with the WEKA software (Bifet, Holmes, Pfahringer, et al., 2010). 
As presented by Bifet, Holmes, Pfahringer, et al. (2010), the software’s aspects that are 
interesting  and attractive include the evaluation tools and the machine learning algorithms of 
clustering, recommender systems, regression and classification. 
Both the WEKA and MOA systems give users the possibility to play around with data as they 
analyze it from different dimensions. These tools are applicable in different areas as they 
simplify the process of identifying trends, patterns and correlations when working with large 
amounts of data. This serves as an inspiration for the thesis work, which will also present 
several design cases in which data mining could be implemented in order to enable efficient 
and user-friendly data mining from these registries. 
With the help of data mining methods and algorithms such as the support vector machines, 
decision trees and artificial neural networks, the medical field can use data mining in different 
research and studies to predict survival chances of patients with different types of cancers. For 
instance the prediction models for breast cancer survivability developed by Delen, Walker, 
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and Kadam (2005) is among the successful research projects that used such data mining 
methods and algorithms for the prediction of this particular type of cancer. 
In addition to health care, other areas that benefit from data mining include pharmaceuticals, 
banking, finance, advertising, telecommunication, transportation and aerospace, engineering, 
insurance, e-commerce, and retail, where data mining can for instance be used in fraud 
detection, trend analysis, market interactivity, and market segmentation (Persidis, 2000). 
This thesis will approach the topic by focusing onto the selected registries and provide easy to 
learn and easy to use interfaces to the data resources. 
 
 
2.1.1 Data Mining Tasks and Techniques 
 
As shown in the Figure 2.1, Shaw et al. (2001) divide data mining tasks into five categories of 
which, data visualization takes the main focus in this thesis with the help of graph based 
techniques that are used to extract and reveal the unseen data relations and trends behind the 
collected data. When working with such huge data sets as those of the cancer registries, other 
data mining approaches such as those offered by multivariate statistics and artificial 
intelligence(Kanza & Babic, 2014)  may also be applicable depending on what  data is 
extracted from the data sources for exploration. 
  
     
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  2.	  1:	  A	  taxonomy	  of	  data	  mining	  tasks	  (Shaw	  et	  al.,	  2001) 
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2.2 Data Visualisation 
 
Data visualisation is the graphical presentation of abstract information that assists users to 
reason about, explore, and communicate data. It essentially helps with the processes of 
thinking and communicating the displayed information (Few, 2013). 
The graphical presentation includes the use of bar graphs, charts, diagrams, tables, 
histograms, and maps. 
Under the domain of cognition, the term visualisation is referred to as the construction of 
visual image in the mind aiming at forming a mental model of the data that is being analysed. 
Therefore, mental models are humans’ internal representations of the external visual world 
(Ware, 2000). 
Graphical presentation relies on the visualisation tools used to accurately convey the 
information behind the data. Devices used to present such kinds of data are also important 
since they need to be capable of displaying all the required details in order for users to make 
sense of them. For example, depending on the type of data one is working on, too small 
screens might be difficult to interpret data from. Since different screen sizes could be used for 
presenting mined data from the cancer registries, a balance between the functionality and 
aesthetic form will be undertaken in order to allow user interpretation. 
Marketing is another area that benefit from a well-organised combination of data mining and 
good data visualisation. With the help of good visualisation techniques, for instance, Shaw et 
al. (2001) discusses the use of data mining tools for marketing purposes where customer 
relationship management is substantiated by user-friendly data interactions. Such integrated 
frameworks as for knowledge discovery and management can help marketers to address 
customers’ needs according to what markers know about their customers rather than 
following generalised customer characteristics. Even though this thesis does not fall under 
marketing domain, such a results are inspirational and encouraging to designing solutions that 
will support clinicians in their knowledge discovery and interactions. 
In the pharmaceutical field, data mining, knowledge discovery and data visualisation have 
played a big role in, for instance, the detection of Adverse Drug Events (ADE) through 
working on the data mining techniques for sorting the data and finding how the different data 
in is related (Wilson et al., 2003).  
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2.2.1 Why Graph - based Visualization?   
 
Of the three visualization techniques mentioned in the Figure 2.1, above, graph based 
techniques (Cook & Holder, 2006) visualizing data seems to have a broad use in the data 
intensive area in which combination of different kinds of data would be an impossible task. 
Köhler et al. (2006) have presented a challenge of interpreting genes-related knowledge and 
solutions offered by the graph theory. Many similar references could be found to confirm 
their findings that are of interest for this research. It was an expectation that the graph based 
techniques would enhance designing interfaces for visualizing data from the cancer registries. 
 
 
2.2.2 Human Interpretation Issues 
 
In order to visualise data effectively, design principles that are derived from an understanding 
of human perception should be followed when designing graphical displays that will cater for 
huge amounts of data. This will simplify the translation of the abstract data into physical 
attributes (Few, 2013).  
This thesis will also consider issues that are related to human interpretation of visual data 
representation as a part of data visualisation tool design. The research has a mission to design 
for groups such as clinicians, medical students and the public. 
The interfaces will be designed to fit the clinicians with the most relevant attributes paying 
attention to the specifics of the medical field. 
This is a requirement that needs to be met in order to secure understanding and accurate 
interpretation of the clinical data. User groups may have different scientific and professional 
skills but they have interest to share the same data set from their point of view. In all cases it 
is important to make sure that the data is presented clearly and in ways that are meaningful 
and intuitive to the users, which will have a significant impact on the design. 
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2.3 Big Data 
 
Big data is the term used to describe a collection of large quantities of heterogeneous and 
complex data sets. The terminology describes the exponential growth, variety and speed of 
information that makes up this kind of data. Some characteristics of this kind of data include 
the tendency to be difficult to be deleted and be highly complex (Eaton et al., 2012). 
Data in the Swedish cancer registries is large; it is entered continuously and is of a well-
defined structure. To fit the needs of the oncologists, pathologists health carers and sometimes 
patients when quality of life is of interest. The data comes from the different regions and their 
regional cancer centres where the quality of data is checked before it enters the national 
cancer registries (Ericsson et al., 2011). 
These registries have been a good source of information and are used for research purposes in 
areas such as epidemiological research and healthcare planning and monitoring. For example 
they have been used to study trends and patterns of the disease over time in various 
populations. It is, for instance, possible to see the different types of cancers and their 
occurrences in the different regions of Sweden, something that can possibly help researchers 
to interpret cancer incidences. Highly populated areas where pollution is also high could for 
instance have a higher incidence of a certain type of cancer more popular than what could be 
seen otherwise. 
The registries can be used as a guide for evaluating and planning cancer control programs 
across the different regions. They can for instance, be used to determine whether screening 
and treatment efforts should be organised for preventive reasons. 
Data in these registries has as been used to improve the treatments for cancer patients and 
determine how to tackle new medical conditions, aging population, and different treatment 
strategies. All this is done by studying data collected over the years and has been reported in 
annual publicly available reports. 
 
 
2.3.1 Challenges with Big Data 
 
Challenges associated with big data generally vary from one field to another (Manyika et al., 
2011).  They are not only caused by the size of the data as big data can also be small, but also 
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caused by other factors such as; the type of data and its structure, the quality and reliability of 
the data and the technologies and tools used to store, manage, analyse and visualise the data. 
According to (Kalil et al., 2012), when not addressed properly, storage, harness, search, 
visualisation, analysis and sharing are some of the challenges associated with big data. 
Some of the factors that could be considered to be a challenge regarding the use and handling 
of big data may include 
• The data might be too large and too difficult to analyse. 
• It can be difficult to find out how much of the data should be analysed. 
• It can be tricky to find out which data points are really important. 
• There is a possibility that collected data is biased or noisy. 
• Authentication of the data can be a security problem that may require extra 
intelligence to tackle. 
• Spending too much time on working on irrelevant data sets. 
 
Annual reports, as they are useful, they still pose a problem since they can be approached best 
from the statistical point of view. They require concentration and memory and some 
knowledge of statistics to interpret the data correctly. 
 
 
2.4 Human Computer Interaction (HCI) 
 
According to (Dix, 2009), Human Computer Interaction (HCI) is a huge and significant field 
that deals with the ways in which humans interact with computers and how their activities are 
being influenced by computer technology. 
In this thesis, it was attention to focus on the interactive information visualisation. It was 
intended to find best ways to visualise and interact with the cancer registry data that is 
available to the public. 
The prototype’s graphical interfaces should be used to enable direct interaction with the data 
and some degrees of personalisation to engage human cognition and help interpreting this 
kind of data as meaningful patterns. 
A pragmatic approach to the visualisation and interaction would be to use graphical tools 
(Heer, Card, & Landay, 2005) with the capacity to present information through graphs, trees, 
body parts and/or regions.   
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The framework to be employed by this research thesis would be, as shown in the Figure 2.2 
where a user would send a search request (stage 1 on the diagram) to the specialised 
registries, then the data would get filtered (stage 2) before it gets transformed (stage 3) to be 
viewed. In this way, users can use the different view modes to personalise their search as they 
interact with the data directly. 
 
	  
Figure	  2.	  2:	  Visualisation	  framework	  of	  the	  prototype	  concept 
                                                      
 
2.5 User Experience and Usability  
 
According to Rogers, Sharp, and Preece (2011), user experience is a notion that engulfs the 
total understanding of user’s impressions of a product, its behaviour and usage. Since it is not 
possible to design “the user experience” itself, this implies that user interface designers design 
for a user experience by creating design features that evoke a sensual experience as a user 
uses a product. 
With this in mind, designing for a user experience is a continuous process that does not end 
when one single function is completed. Instead, it challenges the designers to evolve the 
product’s design alongside its users’ evolving behaviours, limitations and needs. 
Usability is another key concept of user experience that has been considered when designing 
the interactive user interfaces for visualizing data from the cancer registries.  
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While user experience focuses on the impressions users get as they use a product, usability 
emphasises the criteria for improving the product’s effectivity, ease-of-use and simplicity to 
learn.  In addition, usability improves interaction between people and the interactive products 
and simplifies everyday life (Jacob Nielsen & Molich, 1990). 
As applied and discussed later in the Chapter Five, the usability goals according to Rogers et 
al. (2011), include;  
Effectiveness: Is the designed product successful in fulfilling the tasks it is supposed to do? 
Efficiency: Does the designed product support high productivity for trained users? How 
quickly can they perform their tasks? 
Safety: Does the designed product prevent the user from dangerous and unwanted situations? 
Utility: Does the designed product provide the appropriate functionalities that are required for 
the user to be able to perform the set tasks? 
Learnability: How easy is it for users to learn how to use or operate the designed product 
after the initial instructions?  
Memorability: How easy is it to remember how to use the designed product once learned? 
How easy is it for users to establish proficiency after a period of not using the product? 
 
 
2.6 Design Principles  
 
Interaction designers use a set of design principles in order to design interactive user 
interfaces for user experience. When applied appropriately, these principles are meant to 
improve the quality of the user interface designed by providing some guidelines that helps the 
designer’s thinking during the designing process (Rogers et al., 2011). 
In this thesis the design principles according to Rogers et al. (2011)  were followed as a 
guidance towards the design process. These included: 
Visibility: Functions should be visible for users to easily find and use them. Hidden functions 
are difficult to locate and therefore users are likely to not know how to use them. 
Feedback: The user should be informed by the system on whether the performed action has 
been executed successfully or not. 
Constraints: The system should restrict users from performing invalid commands by proving 
command options suitable for the context at a given time. 
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Consistency: The interface should maintain the flow of similar elements and operations 
throughout the system. 
Affordance: The attributes of the design elements used should be self explanatory with 
obvious clues that intuitively allow users to know how to interact with. 
 
 
2.7 User Interfaces 
 
This thesis utilizes the Information Technology that is close to the users’ proximity and 
understanding in order to design user interfaces, which could improve the way data mined 
from the cancer registries could be presented to its audience. The resulting prototype from the 
design process presents several user interfaces that allow the different user groups to choose a 
way through which information could easily be obtained and extracted from the data they 
visualise. 
This research is intended for the PC screens, which will allow quite complex presentations 
and combinations of data. In the future one should also consider small devices, as they are 
present in different working environment and in personal life. For example Medical doctors 
have the possibility to have a quick access to the internal medical journals from tablets in the 
middle of a consultation session. 
It is possible to perform lots of mining tasks using even smaller devices as well as bigger like 
the PC and these two will influence the dynamic of designing screens which will probably 
become next step to consider. It will be demanding to understand what amount of data is still 
readable and presentable but the need to be quick and connected to the meaningful data 
resource such as registries is likely to become user requirement. 
These design challenges can be tacked through applying what is usually called responsive 
design technology (Tidwell, 2010) (Gardner, 2011) that provides control of the computer 
generated layouts responsible for the detailed adjustments of the design parameters of the 
device layout attributes. Responsive design techniques (Gardner, 2011) enable user interfaces 
to respond to user actions without interruptions from page reloading. 
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2.8 Design Case Studies 
 
According to (Walliman, 2006) and (Bryman, 2012), a study case is a comprehensive 
description and analysis of a single instance of a particular situation. Study cases are often 
used to narrow down broad fields in order to explore thoroughly all the possible details that 
can otherwise be missed. 
In the context of this thesis, case studies were used to well define typical situations that are 
experienced by the current practises for visualising mined data from the cancer registries and 
that make the case for the design (Kanza & Babic, 2014). The cases used followed real life 
situations and covered most of the common tasks seen as they are conducted today. 
In this research thesis, this paradigm was employed twice. Firstly, to understand the problems 
through the use of research based personas (Goodwin, 2011), which are described in the 
Section 4.3.1. Secondly, to demonstrate and compare the current practises to the newly 
suggested ways of solving similar tasks through the design case studies, which are explored in 
the Section 6.2.1. 
 
 
2.9 Chapter Summary 
This chapter has exhausted the fundamental concepts that support the basis of this thesis. It 
has provided some examples of inspiring projects that have been successful from area within 
and outside the clinical field. The most commonly used concepts and terms within this thesis 
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Chapter 3: Methods and Methodologies 
 
This chapter provides a description of the methodologies and scientific methods, which this 
thesis is based on. Its constituents are design science methodology; and genius design, 
Question, Option and Criteria (QOC) design method, prototyping, usability testing and expert 
evaluation methods. Data mining methodology will be touched in brief mainly to define their 
value and user experiences with it. 
 
 
3.1 Design Science 
 
Design science and behavioural science are the two paradigms that characterize Information 
Systems’ research. They provide frameworks for analysis, investigation, evaluation and 
iteration guidelines for research projects. Design science is a problem-solving paradigm that 
deals with the creation of new and innovative artefacts in order to extend the boundaries of 
human and organisational capabilities. (Hevner, T.March, Park, & Ram, 2004). Alternative to 
consider, Behavioural science deals with the development and verification of theories 
explaining organisational and human phenomena within the discipline of Information systems 
(Hevner et al., 2004). 
Of the two paradigms, this research follows Design science methodology and uses its seven 
design guidelines during the design and evaluation processes. The designed application 
addresses the problem regarding efficient data extraction and accurate visual representation of 
data from the cancer registries by providing different user interfaces that will assist users to 
visualise data efficiently. This is among the aspects of this thesis that differentiates it from the 
routine design. The evaluation of the end product will be based on its design and ability to 
perform the expected tasks. 
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3.1.1 Design Science Guidelines 
 
Hevner et al. (2004), recommend researchers within the field of Information systems to use 
the design science guidelines to broaden their understanding about effective design science 
research and to use logical reasoning and be creative when applying every one of these 
guidelines. Below are the stated guidelines and a detailed presentation of how the design 
science guidelines have been applied to this thesis project. These design science guidelines 
are listed and described in the following text: Design as an artefact; Problem Relevance; 
Design Evaluation; Research Contributions; Research Rigor; Design as a Search Process; and 
Communication of Research. 
  
Guideline 1: Design as an artefact 
“Design-science research must produce a viable artefact in the form of a construct, a model, a 
method, or an instantiation” (Hevner et al., 2004, p. 83). 
On this design guideline, Hevner et al. (2004) emphasise more on the artefact (March & 
Smith, 1995) itself than the organisations or users using it. In this way, the design process and 
the designed artefact are addressed in different design aspects. With this in mind, researchers 
are able to have a usable and identifiable product designed to evaluate in order to complete a 
research. 
A prototype of a system that simplifies extraction of information and enhances accurate visual 
representations of data from cancer registries is the artefact produced in this research. The 
process of designing this prototype, the technologies involved and its adaptations to the 
challenging clinical environments will be discussed in the Chapters Four and Five. The user 
interfaces of the prototype addresses a demanding problem of handling bulk data to allow 
users to make sense of the big data more efficiently. Conceptual models showing data flows 
and data relations are also provided.  
 
Guideline 2: Problem Relevance 
“The objective of design-science research is to develop technology-based solutions to 
important and relevant business problems” (Hevner et al., 2004, p. 83).  
In this context, Hevner et al. (2004) refer problems to the “differences between the goal state 
and the current state of a system” (p. 85).  
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The current system involves several stages and resources in order to perform simple tasks 
such as retrieving requested data sets from the cancer registries. The chain of commands, in 
this case, involves a series of stand-alone tasks such as sending a request to a statistician and 
waiting for a reply, which may take days or weeks before a reply is provided. This kind of 
problem affects the efficiency of those trying to carry out important tasks that require quick 
responses. This may delay overall tasks, which are dependent on such requested tasks and 
completing procedures. 
The designed artefact in this thesis aims at trimming down the processes that researchers, 
physicians, medical students, the public and other users have to go through in order to obtain 
information from the registries. Direct interaction with the system will save time; and improve 
the quality of information extracted from these data sources, as information will be obtained 
directly, conveniently and more efficiently. By allowing users to be more involved, it will 
allow active online user choices. 
This kind of solution in this domain is possible through the use of, for instance, appropriate 
techniques and methods such as data mining techniques and machine learning methods that 
can facilitate efficient data extraction and discovery of hidden knowledge within the medical 
databases.  
 
Guideline 3: Design Evaluation 
“The utility, quality and efficacy of a design artefact must be rigorously demonstrated via 
well-executed evaluation methods” (Hevner et al., 2004, p. 85). In this guideline, the authors 
emphasise evaluation as a crucial component of the evaluation process and therefore, 
encourage researchers to select evaluation methods that correspond to the designed artefact.  
The experimental and descriptive methods of evaluation (Hevner et al., 2004) are used in this 
thesis to evaluate the designed user interfaces. The detailed description of the evaluation 
process follows in the Chapter Six. These evaluation methodologies are chosen to fit the 
nature of the designed artefact and the geographical location of the target users. The 
evaluation criteria takes into account factors such as; utility, completeness of the tool, 
accuracy, design consistency, functionality, performance and usability. 
 
Guideline 4: Research Contributions 
“Effective design-science research must provide clear and verifiable contributions in the areas 
of the design artefact, design foundations, and /or design methodologies” (Hevner et al., 2004, 
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p. 87).  This guideline focuses on what the research can contribute to the already existing 
knowledge base. 
With this thesis, the artefact itself is the contribution to the knowledge base as it provides a 
solution to the existing problems. As to the regional oncology research centre, this thesis will 
offer user-friendly solutions to the processes of presenting data from offline registries and 
provide several visualisation possibilities for the data mined from the cancer registries, 
something that is currently not offered. 
This was achieved through applying a combination of already existing technologies and 
knowledge from other domains. As an example, this research will hopefully inspire other 
areas using medical registries, and that are still functioning in the typical way. Designed 
solutions offered in the thesis could make other users embrace this way of interacting with the 
data sources. 
 
Guideline 5: Research Rigor 
“Design-science research relies upon the application of rigorous methods in both the 
construction and evaluation of the design artefact” (Hevner et al., 2004, p. 87). Here, the 
authors focus on the way the whole research is conducted, from the construction of the 
artefact to its evaluation, with emphasis on the methods applied.  
The prototype presented in this thesis has been developed iteratively and incrementally with a 
total of three iterations as described in the Chapter Five. The iterations provided room for 
adjusting some elements of the prototype that did not fit well. The adjustments were based on 
the feedback provided from the usability testing, which was carried out in the second 
iteration. 
Personal Kanban (Benson & Barry, 2011), a variation of Kanban, was used for the 
management of the design process. Even though this thesis was carried out solo, it was 
important to use this Agile development (Dingsøyr, Dybå, & Moe, 2010) approach in order to 
systematically keep track of all the design tasks and hold the whole thesis project within the 
set time frame.  
As presented later in the chapter, Genius/ Innovative design (Saffer, 2010) and the Question, 
Option and Criteria (QOC) design method (MacLean, Young, & Moran, 1989) were also 
among methods used in designing the prototype. 
 
Guideline 6: Design as a Search Process 
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“The search for an effective artefact requires utilizing available means to reach desired ends 
while satisfying laws in the problem environment” (Hevner et al., 2004, p. 88).  
In this research, the iterations carried out during the design processes represented the search. 
The solution to the research questions, which was the goal of the thesis together with the 
constraints that came along represent the ends. The tools and other resources used to design 
the prototype represent the means; and the controllable environments represent the law.  
This prototype was developed iteratively and incrementally aiding continuous improvements 
that evolved to reaching some sort of desired ends.  
When designing an artefact, no satisfactory solution is perfect as the designed artefact keeps 
changing in accordance with the evolvement of the means, ends and the laws within the 
domain. Therefore, the artefact resulting from this thesis is a starting point that solves only the 
current problem.  
 
Guideline 7: Communication of Research 
“Design-science research must be presented effectively both to technology-oriented as well as 
management-oriented audiences (Hevner et al., 2004, p. 90). 
In this thesis, the research documentation is written in such a way that it is presentable for 
both the technology-oriented and management-oriented audiences from both within and 
outside the domain. A thorough description of the processes involved in the construction and 
evaluation of the artefact are included in this thesis documentation in order to cater to the 
technology-oriented audiences. 
On the other hand, in order to convince the management-oriented audiences that this project is 
worth developing further, emphasis is put on the importance of this project to the cancer 
research centre; how effective the designed artefact is and what can be achieved when it is 
implemented in relation to the current situation. 
Technology-oriented audiences for a thesis project like this may include information systems 
developers, computer science engineers, researchers and system analysts whereas 
Management-oriented audiences may include project leaders, project coordinators, sponsors 
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3.2 QOC Method 
 
The Question, Option and Criteria (QOC) design method is an approach proposed by 
MacLean et al. (1989) for representing the design space around an artefact through identifying 
design problems and alternative solutions to these problems. The constituents of the 
abbreviation QOC are: 
• Questions identifying the key design issues, 
• Options providing possible answers to the Questions, and 
• Criteria for assessing and comparing the Options. 
In this context, design space is made up of decision space, which are the possible appropriate 
alternative options; and an evaluation space, which are the explicit reasons for selecting an 
option from the provided alternatives. 
According to MacLean et al. (1989), when the QOC for a particular design problem are 
defined, the question is answered by matching the criteria set against the options to find out 
the most appropriate option to answer the question. The links between the options and the 
criteria define the assessments. The option that represents the answer to the question is 
considered to have a positive link and negative links are the remaining options with less 
logical answer to the question. Therefore, the designer should be able to solve these cognitive 
tasks by using the QOC method when designing the artefact. 
In this thesis, the method has been especially useful in exploring the focused parts of the 
design space. This was when making decisions on how, where and what design elements 
should be presented within the different interfaces. Therefore, emphasis was not put on 
producing full descriptions of the design spaces, of the different prototypes produced during 
the iterations. This is an adaptation of the QOC method used to define the design space. 
This method helped in providing rational explanations as to why the different design choices 
were made. There were a lot of questions, doubts and options around this, which was a 
challenge when it came to deciding the aesthetics of the interfaces. As this was a novel design 
and there were no existing design forms to follow, this design alteration opted. The 
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3.3 Genius or Innovative Design 
 
Interaction design has already made artefacts around us fun to use, useful and usable even 
though there are still thousands of interaction design problems we encounter. Due to the 
advancements in computer technology and an increase in the digitalisation of our workplaces, 
homes, gadgets and communication devices, interaction designers continue to innovate and 
refine their systems, designs and ideas in order to meet design challenges that come with these 
complex technologies. 
To provide innovative solution to improve data visualisation from the cancer registries, this 
thesis project has opt for Genius design approach (Saffer, 2010) also known as innovative 
design for the very initial iteration. This is one of the four approaches to interaction design 
presented by Saffer (2010); where users will not be directly involved in the very initial design 
process, but instead participate as evaluators in the later iterations of the first design sketches. 
Rogers et al. (2011) suggests that even though users often can not tell designers what they 
want, they will know what they do not want after seeing and trying out a product. Therefore, 
presenting the users with the concept that will eventually solve the current problem has given 
users views on what they really want. 
Research based personas (Goodwin, 2011) and scenarios (Rogers et al., 2011) were therefore 
constructed in order to establish the initial system requirements. 
Innovative design was chosen specifically for the initial design stages because in this 
particular case, it was easier to find out what the users want through presenting them with a 
tentative solution to compare with what they currently have rather than directly involving 
them in the very early stages. The speed of technology changes is another reason for choosing 
innovative design since users often tend not to know what they want and it is difficult for 





Rogers et al. (2011) defines a prototype as, “a limited representation of a design that allows 
users to interact with it and explore its suitability” (p. 530). In software development, 
prototypes can vary from simple hand drawn sketches to fully functioning pieces of software.  
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According to (Rogers et al., 2011), prototyping phases can lead into the development of low-
fidelity or high-fidelity prototypes depending on the medium used and how close the 
prototype looks and feels like the final product. While low-fidelity prototypes do not look 
very much like the final product they are simple and quick to develop. High-fidelity 
prototypes resemble the final product, are conveyed in the same medium as the final product, 
and take long time to develop. 
When prototyping, compromises are always made in order to produce something quickly that 
can be used to test the aspects of the product. These tradeoffs involve how much functions 
should be provided for the developed prototype versus how detailed the functions provided 
should be presented on the prototype.  
This thesis has portrayed the design ideas for visual presentation of the data mined from the 
cancer registries through the development of several prototypes in several iterations. Due to 
schedule and time constraints, limited and distributed resources, and the nature of the 
complexity of the cancer registries and medical data sources as a whole, the final prototype 
will not be fully implemented in the specs of this thesis. Nevertheless, emphasis was put on 
suggesting features that are technically feasible for the development team to implement.  
The initial iteration consisted of rough sketches of the solution concept on paper, which kept 
on evolving into rich electronic interactive vertical prototypes by the end of the last iteration. 
The first design iteration resulted into both hand drawn sketches and electronic sketches as 
shown in the Appendix 1. The second iteration produced the first interactive prototype and the 
third iteration produced a fine tuned prototype with more consistent flow of design elements 
than in the first two iterations. The detailed description of the evolution of the prototypes is 
provided in the Section 5.4.3.  
 
 
3.5 Evaluation  
 
Evaluation of any designed product is important because it helps to check the quality of the 
product, if the product is usable, if the intended users like the product and if using the product 
give users a good experience. It is also useful for providing feedback before the product is put 
into use or for sale. There are several evaluation methods that fall under the three main 
approaches: usability testing, field studies and analytical evaluation (Rogers et al., 2011).  
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The aim of evaluating the user interfaces was to see whether the designed user interfaces will 
enable efficient and user-friendly knowledge extraction from data through the way this data is 
presented to users and therefore test the prototype’s utility, quality and efficacy. 
According to Pickard and Childs (2007), it is not unusual for a system to be evaluated using 
more than one evaluation method. This depends on the stage of the development process in 
which the evaluation takes place and it also depends on what design aspects should be 
evaluated. 
In order to get external input about the design features and do some adjustments before 
finalising the prototype, usability testing was applied as the prototype was being developed. 
Expert evaluation was performed on the final prototype.  The details of the usability testing 
are explored in the Section 5.3.3 and the evaluation of the final prototype in the Section 5.4.3. 
 
 
3.5.1 Usability Testing  
 
According to Rogers et al. (2011), usability testing is an approach used to evaluate how 
usable the designed product is. This is done through users performing a set of tasks in a 
controlled environment. After interacting with the designed product through performing the 
tasks, users are asked to complete a user satisfaction questionnaire in order to rate the 
designed product and point out the usability problems. Rogers et al. (2011) recommend five to 
twelve users as an acceptable number of testers on a usability study.  
In this thesis, usability testing aimed at evaluating the ease of use, learnability, effectiveness, 
memorability and satisfaction aspects. Since users and designers do not think alike, it was 
important to get feedback based on others and not just on the designer’s point of view. The 
feedback obtained from the users, on all the three design suggestions, in the second iteration 
was used to fine-tune the design aspects of the prototype during the third iteration. The details 
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3.5.2 Expert Evaluation 
 
In this thesis project, analytical evaluation of the final prototype was carried out through 
expert evaluation where an inspection method of heuristic evaluation was used. A set of 
heuristics developed by Jacob Nielsen and Molich (1990) were followed as a guideline for 
analysing the interfaces and identifying the usability problems of the final prototype. These 
ten heuristics were used:  
• H1: Visibility of system status. 
• H2: Match between system and the real world. 
• H3: User control and freedom. 
• H4: Consistency and standards. 
• H5: Error prevention. 
• H6: Recognition rather than recall. 
• H7: Flexibility and efficiency of use. 
• H8: Aesthetic and minimalist design. 
• H9: Help users recognize, diagnose, and recover from errors. 
• H10: Help and documentation. 
This thesis project followed the heuristic evaluation steps suggested by Rogers et al. (2011), 
which involved: briefing, evaluation and debriefing sessions. The evaluation results were then 
analysed in order to extract some useful findings that could answer the research questions.  
 
 
3.6 Chapter Summary 
 
This chapter has presented the design science methodology and described how the design 
science guidelines were applied on this thesis. It also provided the research methods used in 
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Chapter 4: Design Process 
 
The process of interaction design is a practical and creative activity, which results into a 
product that aims at assisting users in achieving their goals. The four basic activities for 
interaction design according to Rogers et al. (2011), are: 
• Identifying needs and establishing requirements 
• Developing alternative designs to meet those requirements 
• Building interactive versions of the designs so that they can be communicated and 
assessed. 
• Evaluating what has been built and the user experience it offers. 
The design process in this thesis resulted in an innovative interactive artefact, which was later 
evaluated by experts. Prior to the design process, it was important to gain a thorough 
understanding of how the current system works, who the users are and the challenges 
encountered when handling data from the cancer registries. Therefore as part of the design 
process, this thesis has also consider workflow, tasks, procedural steps and organisations and 
people involved in managing and analysing cancer registries. Resulting patterns such as 
resource, data, and interaction patterns will be assessed for their potentials to influence the 
design process.  
Since Innovative design approach (Saffer, 2010) was applied, research based personas 
(Goodwin, 2011) were used in order to obtain the initial user requirements.  
Alternative conceptual models describing what the product does and its behaviour and 
physical models showing the appearances of the product were considered throughout the 
design process in order to secure the best possible solution. 
Several versions of the prototype were developed during the iterations. Due to the nature of 
the domain problem, the very first versions of sketches were not interactive. The 
functionalities were improved in the later iterations where interactive features were embedded 
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from the second iteration. Usability testing was performed during the second iteration once 
the prototype was made interactive.  
Experts carried out evaluation of the final prototype in order to assess the aspects of 
prototype’s utility, quality and efficacy and the user experience it offers. These aspects were 
measured in accordance to the heuristic evaluation method. 
In this thesis, activities of the design process were merged into several sections of the 
Chapters Four, Five and Six. This chapter explores how user needs were identified and 




4.1 Tasks and Workflow 
 
Prior to the design process, the main goal was to understand the clinical data and indication 
for analysis, as well as to understand clinical and other related work practices. This was useful 
in obtaining a detailed understanding and orientation of the nature of the current practises, 
constraints, the ways users interact to obtain data, and the kind of data being handled. 
Resulting patterns such as resource, data, and interaction patterns were assessed for their 
potentials to influence the design process. A set of design features (Shaw et al., 2001), were 
identified after exploring how data mining is conducted currently. 
In addition to the analysis of the data and documents, this thesis research has been focused on 
the interaction design with emphasis on the objectives, elements, services and workflow; and 
interaction design with emphasis on functions, user behaviours and workflow as shown in the 
Figure 4.1. 
All these series of events lead into the new automatic, user-friendly artefact for data 
visualisation from the cancer registry, which was then evaluated by experts within this 
specific domain.  
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Figure	  4.	  1:	  Design	  steps	  in	  data	  mining	  (Kanza	  &	  Babic,	  2014)	  
 
As illustrated in the Figure 4.1 the main research activities of this thesis project included; 
• Understanding the clinical nature of the data and indication for analysis. 
• Understanding clinical and related work practices. 




4.2 Tools and Technology Used  
 
In order to produce a viable artefact that could be evaluated, an interactive vertical prototype 
was developed. The actual tools and technologies used to develop the prototype included 
Komodo Edit (Apers & Paterson, 2010), Balsamiq Mockups (Guilizzoni, 2010), Justinmind 
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Prototyper (Justinmind, 2014), Photoshop (Album, 2004), and KanbanFlow (KanbanFlow, 
2014). Below follows a brief explanation of how, when and why these tools and technologies 
were used for designing this prototype. 
 
 
4.2.1 Balsamiq Mockups  
 
Balsamiq mockups is a wireframing tool that was used to create the first electronic sketches 
of the prototype. It offers some level of interactivity, but it has limitation since it provides not 
enough support to fully implement the prototype. On the positive side, the software was easy 
to use. It allowed sketching the screens quickly and with that it allowed the sketching process 
to develop and result in what became the most suitable design solution. 
 
 
4.2.2 Komodo Edit 
 
This is open source web editor software that supports multi-programming languages and 
simplifies writing quality codes. In this thesis it was used for creating and testing the Hyper 
Text Markup Language (HTML) (Freeman & Freeman, 2006) and the Cascading Style Sheets 
(CSS) (Freeman & Freeman, 2006) codes, which were later used on the prototyping tool as 
snippets. Customised snippets were used to improve the features of the prototype since the 
main prototyping tool lacked useful functionalities necessary to create features on the 
prototype for demonstrating this design concept. 
 
 
4.2.3 Justinmind Prototyper  
 
Justinmind Prototyper was the main tool used for developing the interactive prototypes. It is 
an authoring tool for creating high fidelity prototypes for software projects. Among the 
attractive functions and possibilities that the software offers are: a drag and drop functionality 
and a server where the project can be stored and deployed for review. These possibilities were 
especially useful for communicating the prototype with the experts that were located in 
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another country. It also allows the inclusion of separately written HTML codes that were 
incorporated into the prototypes to improve interactivity. HTML codes were used in most of 
the components of the prototype in order to specify the exact characteristics and interactions 
desired, for instance, the graphs were all made from incorporating separate HTML codes. 
This tool was used because of its simplicity; experience obtained from using it in previous 
projects; and the variation of functionalities it offers.  
 
 
4.2.4 Photoshop  
 
Photoshop was used for editing images that were implemented within the prototype. With the 
batch operation, it was fast to process many images at once without having to repeat the same 
action several times. Photoshop was chosen because of the previous experience in using it, 
which made it fast and easy to handle. 
 
 
4.2.5 KanbanFlow  
 
This is a web-based application for managing projects based on Kanban Agile methodology 
(Williams, 2012). Since Personal Kanban (Benson & Barry, 2011) was followed as a project 
management technique, this tool was used for keeping track of all the tasks that were to be 
completed during the project run. Among the interesting features, which this tool offers is the 
combination of the Pomodoro technique (Šmite, Moe, & Ågerfalk, 2010) popular in Kanban 
method for time tracking. This provided, for instance, an overview of time spent on each task 
and serve as a reminder of when to take breaks in order to work productively.  
 
 
4.3 Requirements Establishment  
 
In software development, requirements are specifications that help to explain what the 
purpose of the system is in terms of what it should accomplish and how it should work in 
order to meet the users’ needs. These specifications must be clearly described to avoid any 
G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   33	  
ambiguity and prevent misunderstandings when designers and developers try to fulfil them 
(Sommerville & Sawyer, 1997). 
Since this thesis followed genius interaction design approach, the initial system requirements 
were gathered through the use of research based personas (Goodwin, 2011). The requirements 
were grouped into functional and non-functional and later used as a foundation for the tasks 
on the Personal Kanban board. 
“Functional requirements describe the behaviour of the system or what the system should do 
and non-functional requirements describe the performance characteristics of a system and 
what constraints there are on the system and its development” (Rogers et al., 2011). 
 
 
4.3.1 Research - based Personas 
 
The designed artefact is mainly to be used by clinicians, medical students and the public. Rich 
descriptions of these typical users of this artefact are provided in order to design a new 
solution to the domain problem. The research-based personas and scenarios described below 
present the initial requirements for each of the user groups based on the existing 
documentation study of the state of current practises.  
 
Persona 1: Researcher  




Hobbies: Swimming, Bicycling, Reading. 
 
Ola has worked as a researcher at the Institute of Oncology for over fifteen years. In addition 
to this, he has also built into his job some features of an academic career like publishing 
academic articles, lecturing and supervising masters and doctoral researchers with the 
university partners. He has a great enthusiasm for his job, enjoys what he does and likes to 
use appropriate new technologies to achieve maximum productivity. Reading is one of his 
favourite hobbies, be it something to do with the research he is involved in or a sci-fi novel. 
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He is also a member of the Linkoping bicycling club and likes to go swimming, with his 
family in the weekends. 
 
Scenario 1: A day in life of Ola Nord 
Ola’s current research involves understanding how and why one particular type of cancer is 
increasingly found in one specific age group of people living in the most populated regions of 
the country. He started with this research project one year ago and it is therefore still in its 
infancy. 
Since the data of the national cancer registries are not publicly accessible and Ola does not 
have permission to access them instantly, he uses data from the publicly available annual 
reports whenever he needs to either analyse some data or produce small reports about certain 
cancer incidences. He has been looking at reported data on the national cancer incidences and 
would like to be able to compare it with the trends observed from other countries. Since he 
does not have access to the foreign cancer registries either, he therefore uses the publicly 
available annual reports from the selected countries. Instead of going through each one of 
these long reports year after year, he uses the newly designed interactive system that was 
recently implemented at Ola’s office. With this system, Ola is now able to search for the 
reports per countries and years of publication. The retrieved reports will automatically load to 
the system and allow him to start working on the content of the report. 
He can for instance, with simple commands; he can select two regions on a map and use the 
selected variables such as age, sex, domicile, type of cancer and reporting hospital to figure 
out the different occurrences of that particular type of cancer. He could also be able to expand 
the dashboard to get visual presentations of the selected data in graphs, charts and highlighted 
patterns. 
Ola is very happy because he can finally interact with the system directly and obtain the 
information he is looking for instantly without having to go through the tedious tasks of 
looking through the never-ending rows and columns of numbers, something that was not 
possible a few months ago. 
 
Persona 2: Physician / Clinician 
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Hobbies: Fishing, Diving, Sailing and Cooking. 
 
Bob has been working as a physician/clinician for over thirty years now and is hoping to 
continue for at least the next twelve years. He is a hard working physician, likes his job and 
has always accomplished everything he started. He is also willing to take leadership roles 
whenever needed. He has many friends and has saved many people’s lives as a medical 
personnel. He owns a small sailing boat and likes spending his holidays and long weekends 
with his family at sea especially in the summer. 
 
Scenario 2: A day in life of Bob Joback 
 
Bob has recently received a relatively young patient with a severe running stomach but also 
suffering from multiple medical conditions and malignant melanoma of skin being one of 
them. These other conditions include asthma, diabetes and epilepsy. In addition, the patient is 
allergic to penicillin. This patient has also participated in one clinical trial in Norrbotten 
before he moved back to Skåne, but he has lost all his trial documentations in the moving 
process. 
Bob runs some medical tests but he would very much like to find out more medical 
information about his patient before he prescribes any medications. In addition to the 
information found in the electronic patient journal, he is interested in knowing more about 
this particular trial his patient has participated in; the trial’s intervention methods used; the 
outcomes of the trial; and what clinical guidelines are available for patients with similar 
conditions. 
Knowing what he is looking for, Bob uses the available system to access some different 
medical databases in order to mine useful data that may guide him in finding the right 
prescription. Despite geographical and electronic barriers, Bob uses only a few minutes to 
obtain all the details of the trials his patient participated in while living in Norrbotten and is 
also able to obtain the relevant clinical guidelines addressing such a situation. All this was 
possible with the help of a few clicks of the mouse and Bob is now able to prescribe 
something to his patient that will ease his running stomach. 
 
Persona 3: Relative (non-patient) 
Name: Oliver Ansatt 
Age: 30 
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Residence: Uppsala 
Occupation: Farmer 
Hobbies: Horse riding, antique collections, gardening and dancing 
 
Oliver grew up in a typical farmer’s family and most of his family and relatives live nearby in 
the same village where everyone knows everyone. Unlike his younger siblings who opted to 
move to big cities, Oliver stayed in the village after completing his education at the Uppsala 
Agricultural College to help with the family farm business where he obtained a lot of his 
current farming experiences.  He is currently self-employed and lives in his small farm with 
his wife, a newborn baby boy and a dog. He has solid computer skills and tries to stay active 
in the social media where he communicates with his siblings and friends from college. 
 
Scenario 3: A day in life of Oliver Ansatt  
Last week, Oliver’s seventy five year old grandfather was diagnosed with prostate cancer. 
Since there are many waiting to be treated, this old man has to wait in a queue for at least 
three months before his treatment can begin. The news has shocked the whole family and 
even though no one knows much about the disease, everyone is trying to be supportive to the 
poor old man. Oliver has been searching the Internet to see if there is a faster alternative or 
some treatment discovered somewhere. He comes across the interactive online cancer reports 
where he discovers a function for visualising data from several online data sources for clinical 
trials. He realises that the tool has other interesting functions, which can, for instance, allow 
the user to have an overview of the different types of cancers and their occurrences across the 
country and also link these cancer types to their respective clinical trials. Luckily he finds 
some useful information about clinical trials related to this particular cancer in the nearby 
town that are still recruiting. He shows this to his grandfather who decides to contact the 
responsible institute for the trials and hopes for the best. 
 
 
Persona 4: Medical student 
Name: Rosemarine Timian 
Age: 25 
Residence: Halland 
Occupation: Medical student 
Hobbies: Reading, Shopping, Fashion and Walking. 
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Rosemarine is in her last year as a medical student at the University of Halland. She has been 
working very hard throughout the years as a student and is looking forward to finishing her 
studies and start working. She spends ten hours weekly at the regional oncology research 
centre helping out as her part time job. She has relatively good computer skills and she has 
obtained a good amount of experience in data analysis from working at this research centre, 
where she got introduced to a good number of computer programs and systems that the 
researchers use especially when working with huge amounts of data. 
Like most girls of her age, Rosemarine likes shopping and fashion and she enjoys taking a 
stroll with her mother’s dog outdoors. 
 
Scenario 4: A day in life of Rosemarine Timian 
She is busy finalizing her findings for a student project that she has been involved in for a 
year now, where she needs to find out the intersection of aging and prostate cancer in the 
different regions of Sweden and then compare the results with the other Scandinavian 
countries. With the help of this well designed system available at the university hospital, she 
is able to obtain some useful information by analysing a combination of data accumulated 
over several years from several registries. She is very pleased with the system’s simple design 
solution because it enables good data mining from the registries and simplifies the whole 
process of data analysis. It also provides alternative ways of looking at the data and which 
does not require special computer skills. 
 
4.3.2 Functional Requirements  
	  
• The artefact should allow direct interaction with its users. 
• The designed artefact should provide a simple way of viewing data presented on the 
annual reports. 
• The artefact should be able to filter search requests following criteria as specified by 
the user. 
• The artefact should be able to group and display mined data as requested by the user 
for example; region-wise, disease-wise or age-wise. 
• The artefact should provide a possibility for comparing the data reported from the 
cancer registries from different regions around the country. 
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• The artefact should have a search function for users to perform free searches. 
• The artefact should provide a possibility to search for the nearest clinical trials related 
to the selected type of cancer. 
• The artefact should have different ways of visually presenting the data. 
• The artefact should have clear and visible display of the important functions. 
• The artefact should allow the possibility to compare data presented in various annual 
reports. 
The artefact should use icons and terminologies that are easy to understand even for persons 
without medical background. 
 
 
4.3.3 Non-functional Requirements 
	  
• The designed artefact should be able to access publicly available yearly reports. 
• The designed artefact should be effective to allow users get instant responses to their 
requests. 
• The designed artefact should provide up to date information based on the data 
obtained from the regional and/or national cancer registries. 
• The designed artefact should be available for everyone since the data presented in the 
yearly reports is already public.  
 
 
4.4 Demand Specification  
 
Pre-defined requirements needed to support the existence of the designed artefact include; 
• The availability of Internet connection. 
• A computer is the recommended device especially when displaying dashboards with a 
lot of content or for analysis purposes. 
o Other devices such as smart phones and tablets may also be used for simple 
informative tasks but would not be recommended for analytical tasks that 
require larger viewing surfaces. 
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4.5 Chapter Summary  
 
This chapter has introduced the basic activities that were involved in the process of interaction 
design and accounted for how they will be distributed in the rest of the chapters in order to 
create a smooth flow. It has explored the tasks and workflow; tools and technologies used for 
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Chapter 5: Prototype Development 
 
This research relied on the multi-methodological approach to Information Science research as 
presented by Nunamaker Jr, Chen, and Purdin (1990); Systems Development and 
Experimentation, where a prototype was developed, tested and evaluated. Eventually some 
theoretical hypothesis could be generated on how the results of this research will influence the 
way of interacting with clinical registries. 
The prototype developed in this thesis aimed at presenting several user-friendly interfaces that 
can be capable of providing new ways of viewing data mined from the cancer registries in 
order to enhance information extraction and knowledge discovery. Due to time constraints 
and the nature of the data stored in these clinical registries, the designed prototype was not 
fully implemented in this thesis, instead, it has been used to demonstrate the feasibility of a 
potential coming project. Therefore, product development and technology transfer were not a 
part of this thesis work but may be completed separately later on. 
The prototyping phase described in this chapter involved three iterations through which the 
design elements of the artefact evolved from hand drawn sketches to highly interactive 
features. Those iterations are preceded by a description of how the prototyping tasks were 
visualised and managed on a Personal Kanban wall. 
Usability testing in a confined environment, as described in the Section 5.3.3, was performed 
where users were able to interact with the artefact and provided feedback. The evaluation of 
the final prototype comes separately in the Section 5.4.3. 
 
 
5.1 Personal Kanban 
 
Personal Kanban was used to manage the development of the actual user interfaces. 
According to Benson and Barry (2011), it is suitable for projects carried out by individuals 
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and small teams and it emphasises on work visualisation and limiting work-in-progress 
(WIP). 
By following this agile approach, it was easy to visualise the amount of tasks involved in 
prototyping; limit the work in progress; do the right prioritization when executing the tasks 
and focus on the work at hand. The user interface design tasks were based on the established 
requirements. Since this thesis was a one person’s project, Personal Kanban fitted better than 
Kanban or other Agile approaches for managing tasks. KanbanFlow (KanbanFlow, 2014) was 
the tool used as the electronic Personal Kanban board. 
As shown in the Figure 5.1, the Personal Kanban board was divided into three columns; 




	  	  	  	  	  	  	  	  	  Figure	  5.	  1:	  Personal	  Kanban	  board 
 
The backlog column consisted of all the tasks to be completed during prototyping. They were 
colour-coded and added to the backlog column then moved from left to right across the board 
following their order of priority.  
A WIP limit of five tasks was set to the ‘in progress’ column in order to control the number of 
tasks to be handled at the same time and to save time by eliminating too much task switching. 
In this way, the tasks were executed systematically and it was easy to prevent having too 
many unfinished tasks, which could easily lead to losing control of the workflow. For 
instance, a task was first to be moved to the ‘in progress’ column when it was ready to be 
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processed, but only if there was room for it. Upon its completion, it was moved to the ‘done’ 
column. 
The Pomodoro Technique was useful not only for tracking time used on each task, but also 
was a reminder of taking in-between breaks in order to enhance productivity while working 
on the tasks. A series of short 5-minute breaks were taken after devoting full concentration on 
a task for 25 minutes.   
In this context, these short breaks are known as the Pomodoros. A 20-minute break followed 
after working 5 pomodoros. This approach was an encouragement to breaking down the work 
into simple and focused tasks. 
Even though the pomodoros were a bit distracting at the beginning, it was an interesting and 
positive experience to try out Personal Kanban when prototyping.  
 
 
5.2 First Iteration  
 
This iteration began by taking a close look at one of the annual reports for cancer incidences 
in Sweden, which consisted of aggregated data presented in many rows and columns. A 
thorough look through the data was tedious and time consuming, but it was a crucial stage for 
defining a new way of visualising this kind of intensive rich data. Due to the sensitivity of the 
data stored in these medical records, the annual report was used in order to identify the key 
variables that matter when it comes for presenting this kind of data. 
It was also important to understand the way this data is currently medically grouped in order 
to follow the registry patterns. This is because this thesis does not restructure the whole 
cancer database that communicates with other systems such as the Electronic Patient Record 
(EPR) systems, but it introduces user-friendly interfaces for data visualisation mined from 
these databases. Therefore, it was important not to alter the already established patterns of 
data from different systems involved even though these systems influence the design results. 
For example, not all the data collected from the EPR systems is presented in various reports, 
which are resulting from mining the registries, but rather a selection of the whole data set. 
The results of this iteration are, the first hand-drawn as well as electronic sketches of the three 
design alternatives. Tools used during the first iteration are pen, paper and Balsamiq 
mockups. 
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5.2.1 Interface Designing 
 
After the system’s key variables and their relations were identified, it was time to convert the 
rows and columns of numbers into user-friendly interfaces that are intuitive and less tiresome 
to extract information from. The QOC method was used in order to define the design space 
for the different design alternatives. 
Interface designing started with sketching different design solutions on paper. After selecting 
the design alternatives, which best met the requirements described earlier, Balsamiq mockups 
was used to convert the hand-drawn sketches into electronic ones. 
 
 
5.2.2 Questions, Options and Criteria (QOC) Formulation. 
 
Before sketching could begin, decisions were made regarding the features that could be 
included in the interface’s design space. This was through the use of the QOC method where 
questions, options and criteria were formulated in order to rationally guide the decisions 
regarding the where, why, what and how of the design features in relation to purpose of the 
interface being designed. 
The formulation of the QOC started with a thorough understanding of the established 
requirements and how the system components were related. This was a starting point to the 
ideation of design features. From the requirements, important interaction problems were 
outlined and questions formulated. The questions were used to structure the design space by 
addressing the key design issues. 
The Options created for each question represented the design options to answer the particular 
design question. Each question had at least two options created, but in general there were 
more than three options for each question. 
The Criteria presented the necessary characteristics of the artefact. It also described the 
requirements, which needed to be met. Therefore, Criteria were used to assess and compare 
the provided options. When designing the criteria for each question, consideration was put on 
making sure that the criteria did not overlap and that they were objective, and specific. 
G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   44	  
In order to find out which design alternative fits best for a particular design problem, the QOC 
for that particular problem was first defined then the options were matched against the set 
criteria and the answer was provided by the positive links between the options and the criteria. 
Figure 5.2 shows an example of the QOC presentation of the design space for solving a 
problem regarding how a button should be displayed. The boxed option with the most positive 
links (solid lines) indicates the decision made. The remaining options with the negative links 
(dotted lines) were the ones considered to have had less logical support to the options 
provided for this particular design issue. 
 
	  
Figure	  5.	  2:	  An	  example	  of	  the	  QOC	  formulation	  used                                               
 
The QOC method was applied in the first and third iterations where design problems were 
identified and required solving. During the second iteration, this method was not relevant due 
to the nature of the activities that were carried out. In the third iteration, some modifications 
to the initial set of QOC were made in order to accommodate the design input from users after 
the usability testing. All the QOC diagrams created for each question were made easy and 
simple to manage and understand.  A full presentation of these diagrams created is found in 
the Appendix 2a. 
 
 
5.2.3 Parallel Design Process 
 
Interaction design process created three different design alternatives as suggested by Rogers 
et al. (2011),  
More than one set of sketches was made in order to present the solution from different angles. 
These design alternatives were made keeping in mind that the task here was to create 
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something new and not to redesign. During this iteration, emphasis was put on the top 
features of the designed alternatives. This was to avoid spending too much time on the design 
solutions that would be revised at the end of the next iteration.  
 
 
5.2.4 Initial Sketches  
 
Figures 5.3a, 5.4a and 5.5a below present the appearances of the first pages from the three 
hand-sketched alternatives and Figures 5.3b, 5.4b and 5.5b shows the electronic sketch 
equivalences. 
 
Design alternative 1: 
	  
	  	  	  	  	  	  	  	  Figure	  5.	  3:	  Hand-­drawn	  and	  electronic	  sketches	  of	  design	  alternative	  1	  
                            
This first design portrays a dashboard theme. The top part of the page just below the heading 
contained the list of variables and the lower part contains the three viewing options; maps, 
charts and body parts. 
The idea behind this design alternative was to allow users to be able to drag and drop the 
variables from the list onto one of the three viewing modes. Data of the specified variable 
would be instantly displayed as the user drops the specifications onto the viewing section.   
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Design alternative 2: 
            
	  
	  	  	  	  	  	  	  Figure	  5.	  4:	  Hand-­drawn	  and	  electronic	  sketches	  of	  design	  alternative	  2	  
   
This design alternative depicts a slightly different approach of making the user first decide 
how they want to view the data before giving them a chance to select the variables. 
The page was divided into five boxes, which represented the different ways through which 
data could be viewed. For example, by selecting the map view, the user will be provided with 
all the possible variables that could be viewed on from a map. 
 
Design alternative 3. 
 
	  
	  	  	  	  	  Figure	  5.	  5:	  Hand-­drawn	  and	  electronic	  sketches	  of	  design	  alternative	  3	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More minimalist than the first two alternatives, the third design alternative presents the five 
different options of viewing the data on horizontally arranged containers across the page. This 
alternative, like the second one, limited users from selecting the variables before selecting the 
way in which they want to view this data. Variables provided on the next page, after selecting 
one of the five options, would depend on the view mode selected. 
 
These sketches only show the intended buttons and functions and their positioning and 
labelling; but none of the functions or buttons works at this early stage. Appendix 1 shows the 
two key pages for each of the three alternative designs that resulted from this iteration.  
 
 
5.3 Second Iteration  
 
During this iteration, some interactivity was added to the sketches developed in the previous 
iteration and usability testing was carried out on all the three design alternatives. Users were 
invited to interact with the artefact and provided feedback, which was utilized in the iteration 
that followed, in order to adjust the design features of the final prototype. After analysing the 
results obtained from the users, some good elements from the three design alternatives were 
merged into one design concept. In these two last iterations, Komodo Edit and Justinmind 
prototyper tools were used to further evolve the sketches brought from the first iteration.  
 
 
5.3.1 Interface Designing 
 
Simple and common interaction elements such as the tooltips and hover states were added to 
the sketches of all the three design alternatives. Links between pages and between different 
design elements were also established and some background images and colours were added 
during this iteration.  
At this stage, the prototypes gave more impressions and began to take the shape of what could 
have been of the finished products, than the sketches alone suggested. 
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5.3.2 Parallel Prototypes 
 
Figure 5.6 below present the top pages of the three parallel prototypes resulting from the 
initial sketches in the Figures 5.3, 5.4, and 5.5 above after they underwent a design 
transformation. Appendix 3 shows more screenshots that were developed for each of the 
design alternative during this iteration. 
 
	  
Figure	  5.	  6:	  Design	  alternative	  1(a);	  Design	  alternative	  2(b)	  and	  Design	  alternative	  3(c) 
	  
 
5.3.3 Usability Testing  
 
In this case, the usability testing did not aim at selecting a winner design alternative out of the 
three discussed. It rather aimed at getting a feedback from users regarding what they found as 
good or bad design features, which is highly relevant for the design refinement. This is the 
time when users were involved as evaluators of the designed artefacts whose valuable 
feedback was to be implemented in the final prototype. 
The usability testing took about one hour for each participant and was performed in a quiet 
room where users were free from disruption. There was a total of five participants who 
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participated one at a time and were equipped with a laptop, a pen and two print outs, a consent 
form and a set of tasks.  
The laptop contained all necessary electronic components of the usability testing, namely, the 
three designed prototypes and a semi-structured questionnaire to be found in the Appendix 4a. 
The Appendix 4b shows the consent form with a brief introduction about this research thesis 
and its purposes and goals; a brief explanation about the content and purpose of the 
questionnaire. Additionally it provides information about handling the information and 
requests for explicit consent. It informs that their participation is entirely voluntary. 
The set of tasks was used to familiarise users to the designed alternatives provided before 
rating the artefacts at different usability aspects is provided in the Appendix 4c.  
The questionnaire was based on Jakob Nielsen (1994) usability aspects of learnability, ease of 
use, effectiveness, efficiency, error prevention, utility and memorability , and user’s 
satisfaction. It contained a total of seventeen rating statements and questions. Fourteen of 
them were rating statements, which were used to assess the prototypes against the usability 
aspects. The Table 5.1 summarises the rating statements from the questionnaire with their 
matching usability aspects. The ratings were: strongly disagree, disagree, neutral, agree and 
strongly agree. The remaining three were open questions, which allowed users to freely 
express their views regarding the presented designs and to provide ideas on how to improve 
the interfaces’ usability. 
 
Table	  5.	  1:	  Rating	  statements	  based	  on	  Usability	  aspects	  
Aspects Rating statement 
Ease of use -I was able to complete the tasks without difficulties.  
-Terminologies and icons used were clear and easy to understand.  
-I think the prototype was consistent, easy to follow how the different parts were 
connected and easy to navigate through.  
Effectiveness -I was able to complete the tasks without any help.  
Efficiency -The tool was slow and confusing to use.  
Utility -The prototype provided the necessary functionalities to enable me perform the tasks I 
was assigned.  
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Learnability -The simple and intuitive design made it easy to learn how to use the tool.  
-It will take short time to master the usage of this tool.  
Memorability -It was easy to forget how to use the tool if I do not use it on the daily bases.  
Error 
prevention 
-I kept on making errors while performing tasks.  
-The tool prevented me from selecting undesired variables.  
Satisfaction -The design presents information in an aesthetically pleasing manner  
-I enjoyed using this tool.  
-I would like to use this tool in the future.  
 
 
Since the designed artefact aimed at being used by both experienced and novice users, this 
testing tried to find out how easy it was for users to accomplish the tasks the first time they 
come across these interfaces and whether it was easy to learn the artefacts’ operations after 
the initial instructions. This was important for two reasons: first, to keep the designed artefact 
easy to learn and secondly to spare users the effort of learning everything from the start every 
time they interact with the system. 
Users tested whether the designed artefacts fulfilled the set tasks. For each design alternative, 
comments were noted where task execution became difficult and where users thought the 
process did not go as smoothly as expected. In addition, users provided some suggestions on 
how the artefacts could have been improved in order to enhance their effectiveness.. 
Users tested whether the artefacts had the appropriate functionalities that were necessary for 
solving different tasks. For instance, there were five tasks, through which users could assess 
the utility of the designed artefacts. 
After getting to understand the concept behind the three designed artefacts, users assessed 
how easy it was to establish proficiency. Users were asked whether it would be easy or 
difficult to relearn using the artefact if they did not use it daily. 
Error prevention was another aspect, which was considered during this usability testing. Users 
checked whether the artefacts were designed in such a way that users would not easily make 
errors unintentionally. They would, for instance, check if some variables were made inactive 
in cases where it was not possible to select them. In addition, the number of errors made when 
performing the tasks was recorded as well.   
G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   51	  
In order to check for users’ satisfaction, they were asked whether they enjoyed executing 
tasks from the different design alternatives presented to them. 
The open questions and the comment option in the semi-structured questionnaire gave the 
testing participants the possibility to express their design opinions, point out usability 
problems that they have observed, comment on the best design aspects of the presented design 
alternatives and comment on how the designs could be improved in the iteration that 
followed. 
The testing itself involved the following: briefing users on how data is currently presented to 
users and how the novel designs intend to help users view this data; explaining to users that 
the testing intends to assess the designed artefacts and not their performance; requesting users 
to read and sign the consent form; letting users explore the artefacts through executing some 
simple tasks; completing the questionnaire where users rated the three design alternatives and 
commented on the design aspects; and debriefing and thanking the users for their 
participation. For comparison purposes, time taken to perform each task for each design 
alternative was tracked. The results of the usability testing as presented in the Appendix 4d 
were analysed in the sub-section that follows hereunder.  
The order in which the three design alternatives were tested was altered. This was because 
users tend to be fresh and have full concentration on their first attempt especially when the 
testing involve more than one artefact, which is the case here. A reasonably short 
questionnaire and few tasks were set up to encourage user participation and maintain the 
momentum. 
The five users who participated in the usability testing were made anonymous and the 
responses to the questionnaires were not easy to identify any participants in particular. The 
information collected regarding participants were their gender, age, the frequency of their 
computer/internet use and whether they have, at some point before, searched the web for 
medically related issues.  
The participants aged between twenty and forty nine years and included four males and one 
female. They all used computer/internet daily and have previously searched the web in search 
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5.3.4 Analysis of the Results 
 
The main reason for performing the usability testing on all the three design alternatives was to 
obtain users’ input and to apply it to the final prototype and by that improve its usability. 
Therefore, the testing resulted in a hybrid of the three prototypes, which contained the best 
design aspects from each prototype in addition to the suggestions obtained from users’ input. 
These results showed that all the three design alternatives managed to include the usability 
aspects to some extent. In order to thoroughly explore the users’ contributions, the testing 
results were categorised following the same usability aspects shown in the Table 5.1.  
Ease of use: The results from design alternative one (D1) and design alternative two (D2) 
showed that the interfaces were not the easiest to use. Even though it was possible to 
complete the tasks, some users experienced some difficulties. On the other hand, design 
alternative three (D3) seemed to have been the easiest of all. Users managed to complete the 
tasks smoothly. 
Effectiveness: Since users had experienced some difficulties in D1 and D2, effectiveness was 
not experienced as high in these two design alternatives. Users thought D2 could have a 
successful execution. 
Efficiency: The results showed that users implied that all the three design alternatives were 
efficient enough for the kind of tasks they had carried out and regardless of the tiny 
difficulties experienced in D1 and D2. For comparison purposes, time taken for completing 
each task for each design alternative was recorded and detailed in the Appendix 4e. 
 
 
	  	  	  	  Table	  5.	  2:	  Average	  time	  taken	  to	  perform	  a	  set	  of	  tasks	  during	  the	  Usability	  testing	  
 Design alternative 1 
(D1) 
Design alternative 2 (D2) Design alternative 3 (D3) 
Average time 04:25 min. 03:50 min. 02:44 min 
 
 
Table 5.2 shows the average time in minutes taken for performing all tasks for each individual 
design alternative. The table shows that D3 was efficiently performed than D2 and D1. There 
was a relatively noticeable time difference amongst the three designs but this is could be 
explained by user-friendliness, which was in favour of D3. 
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Utility: There were mixed responses regarding the functionalities provided for D1 and D2. 
Some users implied that the two design alternatives did not provide the necessary 
functionalities to enable them perform the assigned tasks. This was expressed by the negating 
the rating statement given on the questionnaire while others implied that all necessary 
functionalities were provided since they managed to accomplish the tasks. On the other hand, 
results showed that users experienced that D3 provided the right kinds of functionalities that 
greatly helped them to complete the set of tasks. 
 
Learnability:  Results strongly suggested that all the three design alternatives were easy to 
learn and that the learning process would not require excessive time. 
 
Memorability: Results suggested that all design alternatives would be easy to remember after 
a period when a user would actually not be using them.  
 
Error prevention:  Even though there were no errors recorded for any of the design 
alternatives, results suggested that D1 possibly had a loophole that would have led users into 
making errors when executing tasks. D2 and D3 seemed to be resistant from errors.  
 
Satisfaction:  For each design alternative, results strongly suggest that users were pleased 
with the interfaces. It also seemed that users would consider using the artefact in the future. 
Even though the prototypes presented had appealing interfaces and fulfilled the usability 
aspects, there were several faults identified in each design alternative. Table 5.3 summarises 
user comments and suggestions, which resulted from testing the three design alternatives with 
users.  
 








What design features do you think made this design appealing? 
-The dashboard was good but only for some tasks.  
-The background images fitted well. 
-Simple design  
- Dashboard. 
G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   54	  
-The possibility to choose to look at the data from the map or chart or the body diagram. 
What design features do you think should be included in order to improve this 
interface? 
-"GO" button to press when i finish selecting what data i want to see. - more data options 
(categories eg. deaths)  
- Search function -Possibility to select more than one item from the same group eg. to 
select more than one age group. 
Please add any comments or recommendations regarding the overall design. 
- I could not select more than one variable eg. not possible to choose males and females. 
- More variables to make the selection more specific, eg. there was no where to select the 
"Deaths". 
-I think the dashboard makes the prototype seem incomplete; it will be good if this was 





What design features do you think made this design appealing? 
-The map and the information that comes up when hovering. 
-The map feature was very handy 
What design features do you think should be included in order to improve this 
interface? 
-A better arrangement of the content. 
-The consistency of the design should be improved. 
Please add any comments or recommendations regarding the overall design. 
-not easy to find the medical region especially on the map, only the city comes up 
-Putting clinical trials on the top page is not a good idea. 
-Medical regions are too hidden. 
-Could not choose more than one variable. 




What design features do you think made this design appealing? 
-It was easy to find what i was looking for. 
-I liked the clean design with calm colours. 
-The design was clean and it had more things to choose from than the first design. 
-The images used on the top page fitted very well. 
-The way the different parts were arranged on the top page was neat and easy to select 
one.  
What design features do you think should be included in order to improve this 
interface? 
-Possibility to see the data shown on the graphs 
-The functions were very good, but some small things should be done to clean up the 
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looks. 
-The search function. 
Please add any comments or recommendations regarding the overall design. 
-I did not see why the clinical trial is put on the top page. 
-I think the heading is not so interesting. 
-Components of the top page are too squeezed together. Removing clinical trials will 
make space for the remaining ones. 
-Some parts were consistent but not all. 
-The heading was not the best. 
-I thought the medical terms were some kind of a medical dictionary. Maybe another 
name for that label. 
-Not very consistent when it comes to the position of the map, human body and the graph. 
Human body and the graph sections were consistent but not the map. 
 
 
The overall testing results for design alternatives 1, 2 and 3 are found in the Appendix 4d. 10b. 
The usability testing results indicated that each design alternative contained some good design 
aspects that were worth carrying forward to the final prototype. The best design aspects from 
the three parallel versions were merged together and formed what became the final prototype, 
which was further developed in the third iteration. The Figure 5.7 summarises the parallel 
design process that begun with three simultaneous designs and resulted in one containing the 
best design aspects. 
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  Figure	  5.	  7:	  Merging	  the	  parallel	  designs	  into	  one	  
 
	  
5.4 Third Iteration  
 
This last design iteration focused on developing one final prototype, which incorporated users 
design opinions and the best design aspects from those three design alternatives (D1, D2 and 
D3). In order to best use the design space and still come up with a good design solution, the 
QOC method was used. More complicated interactions were added to the interfaces and the 
design was fine-tuned with more consistent flow of design elements than the three alternative 
prototypes discussed in the previous iterations.  
 
 
5.4.1 Final Interface Designing 
 
The designing process in this iteration began with exploring the feedback from users. This 
was done by noting down best design features from the parallel designs, and by pointing out 
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the new features that were suggested during the usability testing and were in additional found 
technically feasible. The design weaknesses were reviewed to find out which design 
alternatives required the least amount of alterations after which they were made a starting 
point in developing the final prototype. 
During this iteration, the QOC model that was used in the first iteration was modified to 
incorporate the suggested design ideas. More questions, options and criteria were added and 
some of the existing components of the model were extended. For example, the Figure 5.8 
points out the extended section of one of the initial QOC presentation of the design space 
where the list was initially not specific enough regarding the presentation details. The 
modified section is the area inside the circle. In this case, a new set of QOC was created in 
order to solve the design issue, which originated from one option of another QOC set. 
Modification for this particular one was necessary because the initial question focused only 
on how the variables should be presented without considering that the presentation mode 
required further specifications. Appendix 2b presents the modified version of the QOC model, 




	  	  	  	  	  	  Figure	  5.	  8:	  An	  extended	  section	  of	  the	  QOC	  used	  in	  the	  third	  iteration	  
 
 
Hand-drawn sketches were made after the evaluation suggestions to get the final prototyping 
process started. Once the design suggestions, alterations and the best design ideas from the 
three alternative prototypes were incorporated into sketches of the final design, the sketches 
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were made electronic. From the electronic version, page links were created and the necessary 
interactivity was added to the interface. 
The dashboard, map, human body anatomy, and the graph were few of the best design 
features and aspects appreciated by users that were transferred into the final prototype. 
In addition to these features, the testing results also indicated that users were quite positive 
towards the appearances of the presented design alternatives. They, for instance, commented 
on the clean designs, the nicely fitting images, calm colours that were used. Such comments 
contributed to the designing of the final prototype, which was later evaluated by expert. 
The search function was among the suggested features that users lacked from the design 
alternatives they previously tested. This too was incorporated into the final design in such a 
way that users would also have the possibility to perform an advanced search with more 
options for fine-tuning search. 
There were suggestions regarding the possibility to be view the data behind the graphical 
presentation. None of the design alternatives had such an option. In the final prototype, this 
was added as a ‘show data’ tab, which could also be accessed from the map mode.  
Since the testing was performed on one design alternative at a time, some suggested features 
were already taken into consideration in one of other design alternatives. This was still useful 
for the final design process because such features were considered as good features and were 
carried on to final prototype. For example, the possibility to have a ‘GO’ button to suggest 
that a certain variable selection process has been completed and the nest can start. This feature 
describing the status of the actions was not included in the first design alternatives. Another 
example was the possibility for users to select more than just one variable when they were 
specifying what data they want to view, for instance, selecting age groups 30-34 and 35-39. 
This feature was not present in design alternatives one and two, but it was provided in the 
design alternative three. Therefore, the final prototype aimed at including all such features in 
addition to the newly suggested ones during the testing. 
When designing the final prototype, faults pointed out during the testing were considered in 
order to avoid making the same design errors again. Some faults were discovered only in one 
or two of the design alternatives, but not in all the three alternatives. Finding solutions to such 
faults became easy since the design solutions were already available from one of the other 
design alternative and therefore, only required small adjustments to fit the final prototype. 
More faults that were discovered by users during the testing included the inconsistent flow of 
the design elements of the interfaces; badly positioned interface elements and misleading 
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names and titles on the labels such as ‘medical terms’ which was later changed to ‘Code 
Translation’ and ‘interactive cancer reports’, which became ‘Cancer Incidences of Sweden.  
Another interesting weakness was having ‘Clinical Trials’ on the top page of design 
alternatives two and three. This seemed to be confusing to some users. During this final 
iteration, this was not completely removed from the prototype, but it was moves under the 
‘detailed facts’. There it could be accessed when users have already selected a particular type 
of cancer that would be connected to it. Solving this error in this manner was logical since the 
typical users would normally not begin by searching for the clinical trials but they would first 




5.4.2 Final Prototype 
 
This sub-section presents a walkthrough of the final prototype, which was a result of the third 
iteration. In spite of the design trade-offs that had to be made along the way, as pointed out in 
the QOC formulations earlier, this hybrid prototype has managed to incorporate most of the 
users’ design input in addition to the best design elements from the three alternative designs 
discussed in the previous iterations. 
Figure 5.9 briefly introduces the structure of the prototype. This simple navigation map show 
the four suggested categories that will assist users to visualise data mined from the registries. 
 
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  5.	  9:	  Navigation	  map 
 
 
With this design solution, the cancer registries can be presented through the map, graphical 
and human anatomy visualisation modes. The code translation mode presents the updated 
translations of the code standards for the anatomical locations of the different types of 
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cancers. It was necessary to categorise this particular type of data in this manner in order to 
cater for the different needs of the intended user groups. 
The design was made simple and kept neat in order to help users navigate smoothly and 
execute their tasks without difficulties as opposed to what is currently available. With the 
main page, shown in the Figure 5.10, containing few elements, users can finally stop 
worrying about how to quickly find their way through the data behind the never-ending rows 
and columns typically seen in the annually reports. Natural language was used to identify the 
different elements of the interfaces. In some occasions, a combination of text and images was 




                                  	  
	  	  	  	  	  	  	  	  	  Figure	  5.	  10:	  The	  prototype's	  main	  page	  
	  	  	  	  	  	  	  	   
 
From the different visualisation modes provided, users will be able to view the data in the 
reports that is relevant for that particular visualisation mode. This constrains the way in which 
the mined information can be perceived but at the same time, it prevents a possible 
information loss caused by poor data presentation.  
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An overview of the four categories: map view, graphical view, human anatomy and code 
translation; is presented in the Figures 5.11, 5.12, 5.13 and 5.14.  Depending on the users’ 
preferences, these categories can be accessed from both, the main page and from the 
individual pages making it easy for users to freely switch from one mode to another as they 
opt to.  
 
 
                  	  
Figure	  5.	  11:	  The	  map	  view	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  Figure	  5.	  12:	  The	  graphical	  view	  
   
                  	  
	  	  	  	  	  	  	  	  	  	  Figure	  5.	  13:	  The	  human	  anatomy	  view	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Figure	  5.	  14:	  The	  code	  translation	  view	  
 
The interface pages consist of the title, navigation menu and a content container. For the map, 
graphical and human anatomy visualisation modes, the content container was further divided 
into two: the top container containing the different lists of variables for users to choose from 
and the bottom container containing the visualisation space where the specified data can be 
displayed. On the other hand, the code translation mode maintains the one content container 
due to the nature of the information to be displayed. Therefore, the title and the navigation 
menu consistently remain in the same position throughout the prototype page and the two 
content containers are consistently applied to all the subpages of the map, graphical and 
human anatomy visualisation modes. In this way, users can easily learn and use the interfaces 
without having to adapt to different positioning of design elements on every page they come 
across. 
Some of the features that come with the designed prototype include the possibility to generate 
reports. In addition to the annual reports, users should be able to generate custom reports, a 
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feature not available currently. This is especially useful to clinicians who often need to tailor 
their reports to specific variables following the different research works they are involved in. 
There were other important features that were included in the design even though they were 
not obtained from these particular registries directly. These include the possibility to view 
clinical trials related to the specific cancer types and the possibility to view the pathological 
images of the related kinds of cancers. These two possibilities were included in this design in 
order to improve the richness of the data that the typical users are interested in and to make 
use of data resources that are publically available through other channels that are not very 
straight forward to users. A good example is that of the clinical trials, where users would 
normally have to perform a separate search through some random web data sources without 
having the continuity of the search results. This design, provides a continuation of the type of 
cancer, which the user has already been looking at and connects it to the data of the related 
clinical trials. Data displayed from the clinical trials is obtained from reliable publicly 
available web-based data sources such as the clinicaltrials.gov. This kind of search within the 
same system will help users to save time and be more efficient in executing their tasks. 
Another example is that of the pathological images from the different cancers that are not 
normally presented in the annual reports due to their bulk nature and the fact that there might 
not be mandatory to convey the knowledge. The designed interfaces provide the possibility 
for users to view these stored pathological images of the different cancer cells in connection 
with the statistical data creating a rich combination that will enhance the mined data from 
these registries especially in an e-learning setting.  
This design also provides several functionalities that are included in the different visualisation 
modes according to their relevance in relation to the specified data, which is presented. Some 
of the popular ones that have been used in all the visualisation modes include the search, 
hover and click functionalities, which help users to quickly view the data they want without 
having to browse through several report pages. For example, in a scenario where one would 
like to quickly have an overview of the new cases of a certain type of cancer in a particular 
region. By simply specify the variables from the provided lists and thereafter hover the mouse 
over that region and a small description box will appear to briefly display the specified data. 
Depending on the visualisation mode selected and the variables specified, such small 
description boxes can be displayed by hovering the mouse over the map, graph or over the 
different body parts under the human anatomy mode.  
A detailed screen-by-screen presentation of the interface pages and the functionalities 
available in this prototype is provided in the Appendix 5.  
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5.4.3 Prototype Evaluation  
 
In order to address the research questions the final prototype was qualitatively evaluated by 
experts who followed the ten earlier mentioned heuristics developed by (Jacob Nielsen & 
Molich, 1990). 
Experts examined the interfaces of the prototype and suggested possible problems that users 
might encounter when interacting with the system. These experts were a combination of 
clinicians who were skilful experts and master students who role-played the public and 
medical student user groups. This combination was necessary in order to cater for all the 
intended three user groups. In addition to a good knowledge about the information systems in 
the healthcare field, the clinician experts have several years of experience working at the 
regional oncology centre with clinical registries particularly the cancer data resources. The 
student experts have a strong background in HCI, have good knowledge about information 
systems, and have experience in practicing usability methods. 
Experts were chosen to evaluate the final prototype in this case as opposed to users because of 
limited time and geographical locations, which made them not easily accessible. Therefore, 
involving users from all the target user groups would have been too expensive and time 
consuming and beyond the scope of this thesis. 
There were thirteen experts who evaluated the prototype one at a time. They were equipped 
with a laptop and two print outs consisting of a set of tasks and a list of the heuristics briefly 
elaborated. The laptop contained the designed prototype and the evaluation form, which is 
presented in the Appendix 6a. As shown in appendices 6b and 6c, the set of tasks was used to 
familiarise the experts to the different pages of the prototype before they got to analyse it; and 
the list of the heuristics was used as a reference and basis of the evaluation. 
 
 
5.4.3.1 The Evaluation Process 
 
The evaluation process started with a briefing session where the experts were welcomed to the 
evaluation session, introduced to what the research entails and got informed about the 
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evaluation procedures. Experts were reminded to be specific and detailed in addition to 
clearly record the issues they discovered when interacting with the prototype.  
All experts were provided with the same introduction to the session in order to make sure that 
they all received the same briefing especially because the different evaluation sessions were 
performed at different times. 
A list of tasks was given to the experts so as to explore the different design elements of the 
prototype. There were ten tasks of which the first five did not involve using the newly 
suggested features and the last five involved using the new features of the prototype. The first 
five questions were therefore solved twice: by following the current practises, and by using 
the designed prototype. Time taken by the experts to perform the first five tasks was tracked 
for comparison purposes. Appendix 6d contains the details of how long each task took for the 
individual experts. The experts were thereafter, provided with an evaluation form based on 
Nielsen’s heuristics listed earlier in the Section 3.5.2. On the form, they were asked to rate the 
prototype using a scale starting with 1-10 where 1=Very poor and 10 = Very good. There was 
also a possibility to add comments after each heuristic measure on the evaluation form. When 
the evaluation forms were completed, the results were directly saved to Google Drive (CITE), 
where the data was filtered and categorised according to the order of questions and comments 
in the form. This simplified the analysis and interpretation processes. 
Oral feedback from the experts was provided in the debriefing session. This was done in a 
discussion with the experts where they elaborated their experiences of interacting with the 
prototype which they just evaluated and they were asked to suggested solutions for they have 
faults found. The whole evaluation session took forty five minutes. 
The evaluation forms used to gather experts’ feedback consisted of closed rating options and 
comment fields, which resulted into both qualitative and quantitative raw data. In order to 
gain a good overview of the evaluation results before the analysis and interpretation, the raw 
data was compiled, cleaned up and summarised into the ten heuristic categories. A detailed 
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5.5 Chapter Summary  
 
This chapter has provided a detailed description of the prototype development process and 
shown how this process was managed. The three iterations are also detailed presented 
showing what was achieved in each one of them. In addition, it also described how the 
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Chapter 6: Results and Discussion 
 
6.1 Results 
6.1.1 Heuristics Dimensions 
 
This section explores the results obtained from the evaluation of the final prototype carried 
out by experts. Table 6.1 summarises the results obtained from the closed rating options 
representing the ten heuristics, where H=Heuristic and E=Expert. 
 
                       
Table	  6.	  1:	  Evaluation	  from	  the	  closed	  rating	  options	  
Heuristics E 1 E 2 E 3 E 4 E 5 E6 E7 E8 E9 E10 E11 E12 E13 Average 
H1 10 10 10 9 10 8 8 9 9 9 9 6 7 8.3 
H2 10 10 10 10 10 8 9 10 10 10 10 10 8 9.6 
H3 10 9 9 10 10 7 9 10 10 10 7 9 5 8.8 
H4 10 10 10 10 10 9 10 10 10 10 9 8 7 9.4 
H5 10 10 10 9 10 10 10 10 10 10 9 10 10 9.8 
H6 10 10 10 10 10 8 8 8 - 10 9 10 9 9.3 
H7 10 9 10 10 10 7 10 10 10 8 10 8 5 9 
H8 - 10 10 10 10 7 10 10 10 9 8 7 7 9 
H9 10 10 10 9 9 - 10 10 10 10 8 - 5 9.1 
H10 9 10 10 9 9 - 10 9 10 5 10 7 5 8.5 
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From the closed assessment options, each user’s rating and an average value obtained for each 
heuristic was plotted on the table in order to have an overview of the scores. Experts’ 
comments containing both good and poor design aspects were categorised following the ten 
heuristics and were explored in detail hereunder. A detailed presentation of the results 
obtained from the experts’ evaluation is found in the Appendix 6e. 
      
H1: Visibility of system status. 
 
Table	  6.	  2:	  Evaluation	  comments	  for	  H1	  –	  Visibility	  of	  system	  status	  
H1: Visibility of system status. 
    
Good design 
aspects 
-The system had good information about what pages you were on. 
Poor design 
aspects 
-Not easy to know all the names of counties. 
-Some operations took a long time and no progress indicator was shown. This 
left me unsure as to whether or not anything was happening with the system or 
if I should try to click the element again. 
-Sometimes you don’t know if the system is responding eg. After clicking- go- 
it is not easy to know when to hover the mouse, it the selection has been 
updated or not. 
-Dashboard hidden 
Suggestions -Make a small hint by text or highlight on the map or that human body when 
the data is updated and ready. 
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  Figure	  6.	  	  1:	  H1	  –	  Visibility	  of	  system	  status 
(b) 
 
Table 6.2 and Figure 6.1 show experts’ evaluation results based on the first heuristic, visibility 
of system status. Figure 6.1 represents the number of expert participants and their scores for 
rating the prototype. As presented in the Table 6.1, the designed prototype had an average 
score of 8.3 out of 10 on a scale of 1-10 where 1=Very poor and 10 = Very good. There were 
mixed response from individual experts when it came to the ratings. There was a variation 
between 6 to 10 of the possible 10 scores. Out of the 13 experts, 8% gave the score of 6; 
another 8% gave a score of 7; 15% gave a score of 8; 38% gave a score of 9; and 31% gave a 
score of 10. These results are quite good, since there were no scores under 5. 
From the experts’ comment, some poor aspects as well as good ones were pointed out. There 
were also two suggestions for improvements. The four poor aspects that were pointed out 
were: lack of progress indicator that would give feedback to users responding to their actions; 
operations responded slowly; a dashboard which was not very easy to locate; and lack of 
county names on the map. 
As possible solutions to these design weaknesses, suggestions were: creating some sort of a 
hint on, for instance, the map, to indicate that the user’s actions are being executed; and 
labelling the different counties on the map especially for those who are not very familiar with 
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H2: Match between system and the real world 
          
Table	  6.	  3:	  Evaluation	  comments	  for	  H2	  –	  Match	  between	  system	  and	  the	  real	  world	  
H2: Match between system and the real world 
    
Good design 
aspects 
-After looking at the pdf-document this system seems to fix all the problems 
related to searching and stuff. 
-Good use of icons and images 	  
-The map, body and graph are easy to use.	  
-Not much to fault here, understood mostly what the different menus lead to. 
-It is a good idea that users can choose to view the data on the map or graph or 
that human body.	  
-It becomes simple to find the different kinds of cancers.	  
-Easy to understand.	  
-But even though I did not know anything about the field of study, I felt I 
understood the most.  
Poor design 
aspects 
-Of course some of the words were hard to understand for me, who don’t have 
any knowledge about the cancer and cancer cases. 





             	  
	  	  	  	  	  	  	  	  	  	  Figure	  6.	  	  2:	  H2	  –	  Match	  between	  system	  and	  the	  real	  world 
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(b) 
 
Results, as summarised in the Table 6.3, suggest that the designed prototype managed to 
successfully match the real world. Experts’ comments show that the icons and images 
corresponded well to real world. There was also one expert’s comment that compared how 
searches were performed in the designed prototype to the way it is currently done. This 
comment indicated that search-related problems, which were experienced when from 
performing tasks following the current practises, were resolved. 
There was only one comment regarding poor design aspect.. This involved the terms used that 
were not very familiar to an expert who does not have a strong knowledge about cancer cases. 
It has been proposed as a remedy to use the skeleton image when displaying bone cancers and 
a 3D-body image could be used for the rest of the cancer types.  
Figure 6.2, shows the number of experts who participated and the percentages of their 
resulting in an average scoring of 9.6 out of 10. 
 
 
H3: User control and freedom 
 
Table	  6.	  4:	  Evaluation	  comments	  for	  H3	  –	  User	  freedom	  and	  control	  
H3: User control and freedom 
    
Good design 
aspects 
-Nice search under Code Translation.	  
-It was good that the different views are always available to switch between 
regardless of what information is showed in the lower part. 
Poor design 
aspects 
-The way to return to the main page was a bit hard, and should maybe be a bit 
more clear. Even though I thought it was easy to “escape” most of the situations. 
Suggestions -I think the icons should have been placed far from the main features since these 
functions are not used very often.  
(a) 
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Figure	  6.	  	  3:	  H3	  –	  User	  control	  and	  freedom 
(b) 
 
Even though the rating scores varied from 5 to 10 out of 10 as seen in the Figure 6.3, the 
majority of the thirteen expert evaluators, 42%, gave a score of 10 out of 10. 33% gave 9, 
17% gave7; and 8% gave 5 against user control and freedom. The average score was 8.8 out 
of 10. 
The search function under the code translation and the possibility to switch between the 
different views seemed to have impressed some experts according to their comments as 
shown in the Table 6.4. On the other hand, one expert thought it was not easy to return to the 
main page. 
One of the experts meant that the icons for print, export, download, and share; were on the 
way for the main features and therefore he suggested placing them somewhere else, away 
from the often used features. 
 
 
H4: Consistency and standards 
 
Table	  6.	  5:	  Evaluation	  comments	  for	  H4	  –	  Consistency	  and	  standards	  




-Consistent positioning of the navigation bar was very good. 	  
-East to know where you are.	  
-Good use of standard web widgets such as tabs, combo boxes and radio buttons 
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Suggestions -However, I miss an option to reset the search criteria before starting a new 
search. It could be cumbersome to remove all the criteria from the last search if 




                  	  
Figure	  6.	  	  4:	  H4	  –	  Consistency	  and	  standards 
(b) 
 
As summarised in the Table 6.5, there were no poor design aspects regarding the consistency 
and standards dimension. Results show that the prototype demonstrated good use of certain 
design features that were obvious to users hence simplified navigating around the prototype. 
However, there was a suggestion of having a reset option since it could be difficult to remove 
previous search criteria in cases where users have performed searches earlier.  
As graphically presented in the Figure 6.4, the prototype scored 10 out 0f 10 from 69% of the 
thirteen experts. It scored 9 from 15 %; and 8 from 8% of the participating experts. The 
average score for this dimension was 9.4 out of 10. 
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H5: Error prevention 
 
Table	  6.	  6:	  Evaluation	  comments	  for	  H5	  –	  Error	  prevention	  
H5: Error prevention 
Good design 
aspects 
-No error occurred, No errors at all 
-Good, not many errors that occurred. 





Suggestions -Maybe there should be some red star next to forms that have to be filled in to 
get some information.  
(a) 
 
                  	  
Figure	  6.	  	  5:	  H5	  -­	  Error	  prevention 
(b) 
 
None of the experts encountered any errors while exploring the features of the prototype. This 
means that all the tasks were executed smoothly. However, the evaluation comment or this 
dimension shown in the Table 6.6 shows that there was one suggestion to use a red star to 
mark the forms that are to be completed. From the Figure 6.5, it looks like the prototype 
scored 10 out of 10 from 85% of the thirteen expert evaluators and scored 9 from 15%. The 
average score as presented in the Table 6.1, was 9.8 out of 10. 
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H6: Recognition rather than recall 
 
Table	  6.	  7:	  	  Evaluation	  comments	  for	  H6	  –	  Recognition	  rather	  than	  recall	  




 None  
Poor design 
aspects 
-Difficult to locate clinical trials, but it was a very interesting feature when i 
finally located it. 
-Generate report and Dashboard and clinical trials was difficult to locate	  
-I think the clinical trials were not easy to find, also the dashboard. 
Suggestions -Make them tabs for Generate report and Dashboard and clinical trials. 
(a) 
 
                	  
Figure	  6.	  	  6:	  H6	  -­	  Recognition	  rather	  than	  recall 
(b) 
 
According to the evaluation results as summarised in the Table 6.7, some experts found it 
difficult to locate clinical trials, generate report and the dashboard functions. One noted that 
the clinical trials function was an interesting feature once located. 
The suggestion for improving this was to create tabs for each of these functions where they 
could be easily visible to the users.  
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Figure 6.6, displays the distribution of the prototype’s scores against recognition rather than 
recall dimension, and it shows that one of the thirteen experts did not rate the prototype 
against this dimension. In spite of that, the prototype scored 10 out of 10 from 58% of the 
twelve participating experts; scored 9 from 17%; and scored 8 from 25% of the twelve 
evaluators. The average score was 9.3 out of 10. 
 
 
H7: Flexibility and efficiency of use 
 
Table	  6.	  8:	  Evaluation	  comments	  for	  H7	  –	  Flexibility	  and	  efficiency	  use	  
H7: Flexibility and efficiency of use 
Good design 
aspects 
-When I've done the tasks more then once I easily learned the way of doing it.	  
-If I had done different tasks one more time i think i would be going pretty 
much faster. So good!  
Poor design 
aspects 
-The slowness of the system made it feel a little inefficient in some parts.	  
-There was a search function hidden deep in a menu that could be easier to find 




               	  
Figure	  6.	  	  7:	  H7	  -­	  Flexibility	  and	  efficiency	  of	  use 
(b) 
G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   78	  
 
Following comments regarding this dimension, as presented in the Table 6.8, there were two 
poor design aspects pointed out. One of the search functions was not easy to locate and 
therefore hindered the expert to access the function quickly. One of the experts experienced 
the prototype as being slow, something that made it seem inefficient at times. These could 
explain the score differences given by the individual experts as shown in the Figure 6.7.  
On the other hand, results also show that executing more tasks would facilitate fast learning of 
how to use the prototype, which in turn would lead to fast and efficient task execution. 
The scores presented on the Figure 6.7, show that the prototype scored 10 out of 10 for this 
dimension from 62% of the thirteen experts; 9 from 8%; 8 from 15%; 7 from 8%; and 5 from 
8%, respectively. The average score for flexibility and efficiency of use was 9 out of 10. 
 
 
H8: Aesthetic and minimalist design 
 
Table	  6.	  9:	  Evaluation	  comments	  for	  H8	  –	  Aesthetic	  and	  minimalist	  design	  
H8: Aesthetic and minimalist design 
Good design 
aspects 
-Simple and beautiful design	  
-Very clean design. It made me find the data i wanted to see very fast. 	  
-Very minimalist and nice design.	  
-A very sleek and simple design.  
Poor design 
aspects 
-Very much information on some pages, but probably needed for those tasks.	  
-I miss clearer visibility of which options are currently selected. for instance, the 
selected tab is white and the deselected tabs are light grey. It is not that easy to 
see the difference quickly. 
Suggestions -Nice design, but it could be larger in height and width. 
(a) 
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From the summarised experts’ comments presented in the Table 6.9 the prototype seemed to 
have caught some experts’ eyes as they were generous in their positive comments expressing 
how clean, simple, nice, minimalist, sleek, and beautiful the interface design was. They also 
mentioned that the clean design made it fast to find what they were looking for. 
Some poor design aspects were also pointed out. One of them was that some prototype pages 
were experienced to contain too much information. The comment was followed by the 
expert’s ‘possible’ reason for this; that it was probably needed for the some tasks. Another 
expert pointed out the need for showing the users clearly which options or tabs are selected. 
The expert implied that this option was available, but it was not emphasised enough. There 
was a suggestion to increase the heights and widths of the prototype’s pages.  
One expert did not rate the prototype against this heuristic dimension. As shown in the Figure 
6.8, the prototype scored 10 out of 10 from 58% of the twelve experts evaluators; 9 from 8%; 
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H9: Help users recognize, diagnose, and recover from errors 
 
Table	  6.	  10:	  Evaluation	  comments	  for	  H9	  –	  Help	  users	  recognise,	  diagnose,	  and	  recover	  from	  errors	  
H9: Help users recognize, diagnose, and recover from errors 
Good design aspects -Didn't encounter any errors	  
-Did not experience any errors  





                	  
Figure	  6.	  	  9:	  H9	  -­	  Help	  users	  recognize,	  diagnose,	  and	  recover	  from	  errors 
(b) 
 
None of the experts experienced errors when performing the tasks as shown on the comments 
summary in the Table 6.10. It was therefore not possible for them to see how the error 
messages would have been presented to them. Nevertheless, Figure 6.9 show that some 
experts still rated the prototype against this dimension, which lead to an average score of 9.1 
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H10: Help and documentation 
 
Table	  6.	  11:	  Evaluation	  comments	  for	  H10	  –	  Help	  and	  documentation	  
H10: Help and documentation 
Good design 
aspects 
-It was clear how to use it, so did not need documentation	  
-I don't think extra documentation is needed if the user gets a proper 
introduction to the system and knows the specific terms for medical stuff.	  
-The documentation and way to understand different codes is much easier in 
this system than in the old PDF document.   
Poor design 
aspects 
-Could not find help and documentation 
Suggestions -I miss having tooltips pop up describing the element when i hover over a 
button or another control. 
(a) 
 
           	  




The evaluation results as summarised in the Table 6.11 show that some of the experts thought 
the prototype’s interface was clear enough and therefore did not necessarily need to have the 
documentation. In addition to this, some experts though a proper introduction on how to use 
the prototype would be enough. Therefore, extra documentation would then not be needed.  
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One expert noted that the documentation was lacking.  
A suggestion of providing tooltip pop ups or hover effects with brief descriptions of things 
was also noted in the form of a function that the expert lacked on the interface.  
One expert did not rate the prototype against this dimension. Figure 6.10 show that the 
prototype scored 10 from 42% of the twelve evaluators; scored 9 from 33%; 7 from 8%; and 5 
from 17% of the twelve experts. The average score was 8.5 out of 10. 
 
 
6.1.2 Time Dimension 
 
With regard to time, the first five tasks of the evaluation were timed as they were being 
executed following the current practises and through using the designed prototype. Results 
shown in the Appendix 6d, suggest that there was a relatively big time difference between 
these two ways of executing the same tasks. As shown in the Table 6.12, it took an average of 
06:10 minutes to complete five tasks when following the currently available practises (current 
ways) and it took an average of 02:11 minutes to complete the same tasks when using the 
designed prototype (the suggested ways).  
 
 
Table	  6.	  12:	  Average	  time	  taken	  by	  experts	  to	  perform	  5	  tasks	  during	  the	  evaluation	  
 
Current ways Suggested ways 
Average time (in minutes) 06:10 min 02:11 min 
 
 
The results suggest that users managed to complete all the tasks without any significant errors 
and were comfortable with interacting with the prototype, which seemed to have proven to be 
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6.2 Discussion 
 
This sub-section discusses several design case studies through which the developed artefact 
was used to answer the research questions. By presenting sample problems and their 
solutions, these cases show how the mined data is currently presented in real life in 
comparison to how it could be improved in an efficient and user-friendly manner. In addition 
to presenting the design study cases, a reflection of the methodologies used, the design 
process, prototypes reached, the evaluation processes and the findings are also discussed. 
 
 
6.2.1 Design Case Studies	  
6.2.1.1 Design Case Study 1 
 
Problem: Finding the number of males and females of all age groups who were newly 
diagnosed with breast cancer in 2010 in the county of Skåne. 
 
Solution 1: The current solution for doing such a straightforward task involves the following 
steps; looking through several report pages in search of the categorized statistics then when 
the appropriate page is found; searching through dense lists with many cancer types in order 
to find the intended type; then browsing through the rows to find the right number that 
matches the required region. And finally, the search result is then found in the figures at the 
intersection between the column where breast cancer meets the column numbered ‘12’, which 
represents the county of Skåne It is clear that handling data presented this way is a tedious 
and demanding task for any user and it rather discourage users to do much data exploration. 
Figure 6.11 shows how the results to this problem are currently presented to users.  
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Figure	  6.	  	  11:	  Solution1	  -­	  Example	  of	  the	  current	  way	  of	  presenting	  the	  results	  (Ericsson	  et	  al.,	  2011) 
 
 
Solution2: The interface presented in the developed artefact simplifies the task by allowing 
users select the variables and click the ‘GO’ button so that they can view the results by 
hovering the mouse over the region they want on the map. Shown in the Figure 6.12 is the 
practical solution to this problem presenting the results on the map after the user has specified 
the variables breast cancer; all ages; year 2010 and both genders from the top section of the 
page marked with circles before hovered the mouse over Skåne county. With this particular 
example, users can for instance, be encouraged to view the statistics of the occurrence of the 
same type of cancer in the other counties since it effortlessly involves moving the mouse over 
whichever county they want. 
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Figure	  6.	  	  12:	  Solution2-­the	  suggested	  way	  of	  presenting	  the	  results	  combining	  map	  and	  statistics 
 
 
6.2.1.2 Design Case Study 2 
 
Problem: Finding the number of occurrences of cancers of the bone for both genders living in 
Blekinge in 2010 at the same time, seeing how the same type of cancer has been diagnosed 
throughout the country in patients aged between 2 – 84 years. In addition, finding how many 
autopsied cases in the course of death register of 2009 had cancers of the Stomach; Colon and 
rectum; Pancreas; Bronchus and lung; and Prostate. 
 
Solution 1: For such a complicated task, the current solution executes each of these sub-tasks 
separately following the same steps as described in design case study one above for the first 
and last part of the given problem, only that this time the steps have to be repeated for each 
sub-tasks. For the second part of the problem, ‘seeing how the same type of cancer has been 
diagnosed throughout the country in patients aged between 2 – 84 years’, users need to sum 
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up all the individual types of the bone cancers across the country according to the ages at the 
time of diagnosis in addition to following the steps described in the design case study one. 
The resulting solution to this problem is seven separate pages containing solutions to each of 
the sub-tasks. 
Executing tasks in this manner ends up in using too much time going through the bulk data, 
something that is not very pleasant for any user. Extracting information from performing this 
task may lead to information loss, as the user is not provided with possibilities to look closely 
at this data from different angles. In addition, it is not very easy for users to have an overview 
of the variations of, for instance, the cancers of the bones amongst the different age groups as 
pointed out in this particular problem.  
 
       	  
	  	  	  	  	  	  	  	  Figure	  6.	  	  13:	  Dashboard	  solution	  to	  design	  case	  study	  2 
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Solution 2: Even though this task may seem complicated, the designed prototype provides 
users with an easy to use dashboard function with possibilities to view all the data from all the 
sub-tasks on one screen. Figure 6.13 shows a solution to the stated problem on a dashboard 
with interactive features allowing users to directly interact with the system. This gives users 
room to extract hidden information that could not be easily detected otherwise. For example, 
with this solution, users are able to gain an overview of the different age groups that were 
diagnosed, in this case, with bone cancer from the area graph on the dashboard.  
 
 
6.2.1.3 Design Case Study 3 
 
Problem: Finding the trends of the occurrences of cancers of the respiratory tract for the last 
10 years, then preparing a custom report for a list of all the new cases of this particular cancer 
type recorded from medical region 6 -Umeå in 2010. Thereafter, finding recent study results 
of the related clinical studies for these cancer types that were carried out in the nearest clinical 
trials centre. And finally, finding and printing an image of bone cancer cells that you came 
across earlier today and would like to explore it later.   
 
Solution 1:  Currently, users are not able to solve this problem without exiting the system and 
seeking help from external resources such as the Internet or dedicated research stuff. Solving 
this kind of problem involves browsing through several sites in order to collect pieces of 
information that would eventually answer all the questions of the given problem. The main 
issues with this solution are that: it is time consuming, insufficient and the results produced 
may or may not be from a reliable source.  
 
Solution 2: The designed prototype provides several new features that utilize the available 
and reliable oncological data resources in order to supply users with the necessary 
information available from the knowledge base. The new features suggested in this thesis 
project demonstrate the possibility of solving problems such as this, in an effective and user-
friendly manner without exiting the system. The five features which were considered during 
the design process that became useful towards solving this problem included: 
Firstly: to provide the possibility for users to be able to have a broad overview of the trends of 
the different types of cancers. This would utilize the same data stored in these registries, only 
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that it would allow users to explore the individual cancer types in details. For example, not 
only for visualizing trends but also for providing a detailed summary of each specific kind of 
cancer instead of providing a generalized summary of cancers that belong to the same 
category, for instance, cancers of the head and neck. Through the ‘detailed facts’ page 
provided on the interface shown in the Figure 6.14, the designed prototype suggests a 
possibility to obtain more information about the different kinds of cancers without having to 
exit the system. In addition, this provides a solution to the first part of this problem where 
users can also view trends of different cancer types, the circled area. 
 
         
	  
Figure	  6.	  	  14:	  Possibility	  to	  view	  trends	  of	  cancer	  types 
 
 
Secondly: to provide users with the possibility to generate custom reports of the individual 
cancer types in addition to generating the yearly reports. Such a possibility would open for 
more detailed reports that users can more benefit from than from generalized annual reports 
currently provided as the only option. Figure 6.15 shows the simple suggested way through 
which users can generate custom reports in addition to the yearly reports. This option is also 
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accessible from all pages under the ‘More data options’ marked with a circle on same figure-
Figure 6.15 This function can be especially useful for clinicians and medical students. This is 
because these two user groups are the ones most likely to be generating short reports due to 
the nature of the tasks to be carried out in their work environments.  
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Thirdly: to provide users with the possibility to connect to reliable clinical studies related to 
the types of cancers users are presented with, using the cancer registries. Clinical trials were 
selected because of their importance to the development of new treatments of cancers and the 
nature of the search pattern of the typical users. Figure 6.16 shows the possibility for users to 
specify their clinical trials searches.  Figure 6.17, shows the results of the trial’s search 
pointing out the circled area as the study results that are part of the solution to the above given 
problem. The sample data used in the prototype to demonstrate this possibility was obtained 






Figure	  6.	  	  16:	  Retrieving	  information	  about	  clinical	  trials 
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Figure	  6.	  	  17:	  Clinical	  trials	  search 
 
 
Fourthly: to provide the possibility for users to utilize the available image storages containing 
images of the different cancer cells in order to study the cells closely. Figure 6.18 shows a 
page with images of the bone cancer cells as requested in the problem above. This solution is 
obtained from the ‘show image ‘function, which is easily accessible on the prototype, This 
function can be interesting to all the three user groups, namely, clinicians, medical students 
and the public. 
Clinicians can benefit from this function by using the images to study the changes of these 
cells in the different research projects. In an e-learning setting it can be used to broaden the 
students’ understanding and perception of the appearances of these cells. The public can, for 
instance, out of curiosity, have a chance to see how colourful and interesting these deadly 
cells can be. 
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  Figure	  6.	  	  18:	  Possibility	  to	  view	  images	  from	  the	  image	  base. 
 
 
Fifthly: to provide users with the possibility to print the different parts of the reports as they 
opt to without being limited to only printing the whole 100-paged yearly report. As shown in 
the Figure 6.19, this possibility together with the export, download and share are easily 
accessible for users from the top right corner of the prototype’s interfaces. 
 
          	  
Figure	  6.	  	  19:	  Printing	  possibility 
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6.2.2 How the Research Questions were Answered 
6.2.2.1 Research Question 1 
 
How can Human Computer Interaction design make interfaces for data visualisation in 
data mining more efficient and user friendly? 
 
This research question focused on how existing knowledge from Human Computer 
Interaction design and Information System fields could be utilized in order to create a novel 
interactive solution for visualising data mined from the cancer registries. In order to answer 
this question, a prototype was developed to address the challenges faced by the current 
practises. This was done through three iterations, explored in the Chapter Five. Users tested 
the initial prototypes for usability and experts evaluated the final prototype.  The evaluation 
results suggest that the designed artefact is efficient and user-friendly. This was also 
demonstrated through all the three design case studies presented in the Section 6.2.1. These 
cases were used to present the real life situations and covering some common tasks and the 
ways in which they are currently executed, to be compared to the solutions designed by 
executing the same tasks. Through these cases, it is clear that the application of Human 
Computer Interaction design knowledge has enhanced the prototype’s interfaces and led to 




6.2.2.2 Research Question 2 
 
How can the research of this thesis help transform the current state of presenting data 
from the cancer registries to a better and preferred state? 
 
Answering this research question began by understanding how data mining from the cancer 
registries is currently conducted, and by exploring the current practises involved in presenting 
the mined data to users. Thereafter, the question was answered by suggesting ways to improve 
the current state of presenting data from these registries by designing an interactive artefact 
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through which users could have direct interaction with the system. The designed artefact 
provided users with several possibilities to deal with the mined data that were currently not an 
option. It, for example, contains new and enhanced features allowing users to handle the data 
in a user-friendly manner through the easy to use interfaces. All these features provided in the 
designed artefact are likely to open potential users’ understanding of IT solutions and letting 
them experience this thesis through seeing the design outcomes as demonstrated through the 
design case studies, which present a description of how tasks are executed currently and with 
the help of the designed artefact.  
The Design case study 1 demonstrates how simple it is to carry out tasks when using the 
designed artefact as compared to the current practises, which involve more stages and is 
stressful for users to follow. Through the Design case study 2, the designed artefact was used 
to present the possibility for users to have a broad overview of the data they search for and 
compare the search results on a dashboard. This is something that is currently not an option 
and users are left to view the data in bulk formats making it impossible to visualise and 
extract meaning from it. The Design case study 3 explores more of the new functionalities 
that are not currently offered. For example the possibility to find detailed information of the 
searched cancer type; generating custom reports; access related clinical trials; access cancer 
cells image storage and print possibility that are flexible to users’ choices. 
Therefore, this thesis provide users with what they want without them knowing what exactly 
they wanted before they were presented with the artefact. 
 
 
6.2.2.3 Research Question 3 
 
How can smart user interfaces enable good data visualisation for different users groups? 
 
Even though a good amount of time was spent in understanding the data mining processes 
involved in the cancer registries, the goal was to provide good, smart and user-friendly 
interfaces for the target user groups. Therefore, by understanding the technical background of 
the data presented to users from these data resources, it was easy to suggest design solutions, 
which were technically feasible for implementation. The resulting interactive prototypes 
contained good interfaces, which were easy to use for users with different levels of IT 
background. With such interfaces, users do not have to worry about defining queries or 
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understanding the technicalities of the underlying files and methods; but instead, they can 
concentrate only on the interface design. 
In order to answer this research question, a prototype was developed with the different 
visualisation modes, as explored in the Section 5.4.2, and allow the different user groups to 
decide their own level of search according to the nature of the tasks they wanted to execute. 
The designed prototype caters for experts such as the clinicians who will have more 
predefined ideas especially connected to some research works; medical students who will 
need more defined e-learning tasks to make sense of the data; and the public who will need 
informative answers to simple and direct answers, which could be part of the reports. Proven 
through the different tasks carried out during the evaluation and those presented in the Design 
case studies in the Section 6.2.1, the prototype’s user interfaces, could be used by the different 
user groups (which tailor) by tailoring their searches in order to execute tasks at hand. 
 
 
6.2.2.4 Research Question 4 
 
Will this kind of research and interfaces help to change the way users look at the 
registry data? 
 
This kind of registry data has always been presented to users in ways that are not very 
attractive to extract information from and that are time consuming. With the designed 
prototype in addition to the theoretical foundations of this thesis, it is very likely that this kind 
of research and the explored interfaces will change the way users look at the registry data. 
This is through the user-friendly interfaces that could encourage users to utilize the 
information found in these registries by effective task execution and the use of the newly 
provided functionalities to explore the cancer registry data, something that is currently not 
very easy to do.  
The average time difference for performing a set of tasks has shown how users could save 
time by using the designed prototype when performing the same tasks, which took longer to 
perform when following the current practises. The simplicity of the features and 
functionalities explored in all the Design case studies prove the likeliness for users to perceive 
the registry data in a different way than they do currently. The evaluation results in the 
Section 6.1 point out the favourable differences in the way that solutions suggested in the 
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thesis could be appreciated. This is demonstrated on the differences shown between the 
current and the suggested ways of tackling the same tasks. 
The suggested solution focuses on the different visual presentations of data that will enhance 
information extraction from the mined data. Large screens, such as the PC screens, are the 
main presentational frames. By using the right IT technologies, it is possible to apply the 
same visualisation concept presented in the designed prototype, so as to accommodate 
visualisation of the same kind of data in small devices. This is also expected to change the 
way users will look at the registry data, especially because small devices such as mobile 
phones and tablets are increasingly becoming popular in clinical practices. 
 
 
6.2.3 Research Methodologies Used 
 
This thesis was conducted through following the Design science methodology as described by 
Hevner et al. (2004) and produced an interactive prototype, which was evaluated by expert. 
The design guidelines presented by Hevner et al. (2004) were followed in order to accomplish 
designing a meaningful artefact and one that would be useful in providing answers to the 
research questions. This research methodology fitted well for this research thesis since it 
focused on developing an innovative solution in order to solve an existing problem regarding 
the current practises of presenting mined data from the cancer registries. 
It also had several stages of the iteration and all influenced by the users. However users were 
not directly involved in the initial stages of the design process, instead, genius design also 
known as the innovative design approach was applied in order to present users with tentative 
design solutions. This approach was chosen because it was necessary to present users with 
something to compare with what they currently have in order for them to be able to suggest 
what they thought would have been a good solution. Approaching users in this manner 
seemed to have worked well as it became easy for them to come up with some useful 
suggestions after seeing the design possibilities. Presenting the tentative design solutions 
made them realise what they really wanted in order to improve the current practises, 
something that was difficult to envision without having an overview of what the current 
technology can offer. This is also proving the research hypothesis raised by Beck (1999) 
where users did know what they really wanted until they were shown what they could have. 
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The QOC method (MacLean et al., 1989) was used for design space analysis when the 
designing features of the prototypes’ interfaces. A set of questions, options and criteria were 
created in order to address and document the design problems, their alternative design 
solutions and the justification for the solutions. This method was useful since it was of great 
assistance when making design decisions about the interfaces’ appearances as it provides an 
overview of the design choices made and reasoning for selected choices. This method was 
applicable in the first and third iterations and the QOC set used are documented in the 
Appendix 2a and 2b.   
 
 
6.2.4 Design Patterns and Challenges 
 
The design process was carried out through a combination of iterative and parallel design 
processes. Personal Kanban (Benson & Barry, 2011) was used to managed all the tasks and 
activities involved during the design process. There were three iterations in total and the 
parallel design approach was followed in order to produce alternative prototypes for users to 
test. 
The first iteration resulted in three parallel hand-drawn then electronic sketches of the initial 
design solutions. This iteration focused on the top interface features and the prototype 
sketches were not interactive at this stage yet. 
The second iteration resulted in three interactive prototypes. Activities involved in this 
iteration were adding some interaction to the prototypes and performing usability testing with 
users. Feedback obtained from users was used to create a final prototype. 
The third iteration resulted in the final prototype, which was evaluated by experts. During this 
iteration the three parallel prototypes from the second iteration were merged into one 
prototype containing the best ideas from the parallel prototypes and the new features 
suggested by uses. The resulting prototype is presented in the Appendix 5. Figure 6.20 shows 
a summary of the main design achievements for each iteration.   
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Figure	  6.	  	  20:	  Main	  design	  achievements	  for	  each	  iteration 
 
 
The iterative process helped to enhance the designed prototype by adding some improvements 
to the interfaces during each iteration. It was simple to follow and flexible to accommodate as 
many iterations as time allowed.  
The parallel design process was useful in providing alternative design solutions, which were 
helpful in improving the quality of the feedback from users during the testing. Parallel design 
was easy to adapt and combine with the iterative approach, and it did not require a complete 
design of all features and pages, but only a few enough to convey the concept of the design 
idea. Of the limitations, parallel design ended up being time consuming since three parallel 
prototypes were created during the first and second iterations and then tested with users in the 
second iteration. 
Following Personal Kanban was easy and the approach was useful in providing an overview 
of the tasks, hence simplified keeping track of what was completed and what was still waiting 
to be completed. With the WIP limit, earlier mentioned in the Section 5.1, set to five tasks, it 
encouraged doing the right prioritization and was easy to avoid having too many tasks started 
half way, something that improved productivity. The Pomodoros were disruptive at the 
beginning, but after a couple of them, it was easy to fall into the rhythm. 
The main design challenge was coming up with a novel design solution for an unfamiliar area, 
the cancer registries. This was eased after gaining an understanding of the kinds of data 
involved and the data mining activities from the cancer registries. This knowledge was helpful 
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in deciding what features were technically feasible when dealing with this kind of data. Even 
though decisions regarding the design features to be included and their positioning was not a 
simple task, the applied methods and approaches, which were discussed in the Chapters Three 
and Five, provided a lead to addressing such challenges. 
 
 
6.2.5 Evaluations and Findings 
 
Usability testing with five users was carried out in the second iteration. During this testing 
users assessed the three parallel prototypes for usability and provided their design input in 
form of comments. This was through a questionnaire containing rating statements and open 
questions. The aspects assessed included the prototypes’ ease of use, effectiveness, efficiency, 
utility, learnability, memorability, error prevention and satisfaction. This kind of feedback 
from users was very useful for the development of the final prototype, especially since 
innovative design approach was followed at the very beginning. The summary of the resulting 
feedback from the usability testing is obtained in the Table 3 of the Section 5.3.4. The testing 
results showed that none of the three parallel prototypes tested were perfect but they all 
contained some good design elements that were worth reusing in the final prototype. They 
also presented the users’ useful ideas, which were not initially included in any of the parallel 
prototypes.  
Expert evaluation was performed on the final prototype during the third iteration. At this 
stage, the prototype’s utility, quality and efficacy were evaluated.  It was important to 
evaluate this prototype in order to check if the prototype’s user interfaces would enable 
efficient and user-friendly knowledge extraction from registry data.  
Some experts’ first impression of the prototype was that it was perfect and ready for 
production. The false impression was because the prototype looked and functioned like a 
finished product since it was a high fidelity prototype, which allowed interaction. 
The student evaluators who role-played experts were mainly young, smart, had a strong IT 
background and were not tested in a stratified way. Therefore, the results were assumed to 
still represent the users since the overall experts used were smart and understood how IT 
technologies can be employed to such domains. 
When it came to learning how to use the designed artefact through trying out the different 
features, it was expected that the physicians would take a bit longer time than the IT students 
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who role-played experts. Nevertheless, it turned out that it was quick for them to learn and 
understand the design concept relatively fast. 
 
 
6.3 Chapter Summary 
 
This chapter has presented the evaluation results and the discussion. It has explored several 
design case studies through which the developed artefact was used to answer the research 
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Chapter 7: Future Works and Conclusions	  
7.1 Future Works 
 
While the designed prototype succeeded in conveying the design concepts that aimed at 
enhancing visualisation of data mined from the cancer registries, many opportunities for 




7.1.1 Short-term Future Works 
 
The evaluation results showed that the prototype could still be improved through increasing 
the number of iterations. Therefore, the constructive remarks and suggestions of the expert 
evaluations can be used to evolve the prototype further. Performing more usability testing and 
expert evaluations will help to fine tune the prototype until there are minimum or no design 
faults is found. 
The work performed in this thesis project provides a basis for future research in several areas 
within clinical registries. It demonstrated the viability of the design idea that is not limited to 
only the cancer registries. The idea could also be used in other clinical registries that 
experience similar inconveniences with presenting their mined data. Such a design solution 
could open doors for users to be independent and free to explore the available registry data 
and resources. 
Further research on cancer registries may lead to more academic writings within this area 
which could be interesting since there is a limited number of references published on this 
combination theme of interaction design and cancer registries. 
The use of small devices such as the mobile phones and tablets is becoming more and more 
popular in working environments. It will therefore be interesting to see how such a design 
solution can be adapted to small devices. 
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7.1.2 Long-term Future Works 
 
E-learning is particularly interesting since the same resource could be used for training 
purposes. This would result in a completely new way of interacting with registry data, which 
will make students comfortable interacting with large publicly accessible databases and 
exploring the data for their own research purposes. IT development will mean in this case also 
paying attention to the smart e-learning trends and patterns that can already be noticed in 
other domains. 
This work could also be applicable when utilising techniques for data mining and following 
user needs in which visualisation and smart interaction would be of great assistance. Smart 
visualisation and smart interface designs would also enable data mining in online fashion, 
which will be appreciated by physicians and other researchers. 
 
 
7.2 Conclusions  
 
To answer the research questions, this thesis has produced a prototype that demonstrated a 
design solution for enhancing visualisation of data mined from the cancer registries. Through 
applying a combination of iterative and parallel design approaches, three hand-drawn 
sketched design alternatives of low fidelity created in the initial iteration evolved into one rich 
interactive high fidelity prototype by the end of the third iteration. The low fidelity prototypes 
were especially useful for quickly presenting and modifying design ideas particularly when 
working with the hand-drawn sketches. The high fidelity prototype on the other hand, 
mimicked a finished product that was utilized fully during the evaluation. 
In this work, emphasis was also put into understanding and follow-up of the concepts of user 
experience and usability in order to come up with an appealing design solution. Their aspects 
together with the design science guidelines were of great assistance when designing for user 
experience and producing a usable final prototype, which had continuously undergone several 
design transformations and alterations in order to improve its quality, simplicity, ease of use, 
and effectivity as it evolved from one iteration to the next.  
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The resulting prototype has provided users with a choice of several visualization possibilities 
for data mined from the long-term national cancer registries and dedicated web-databases in a 
smart, pleasant and user-friendly manner. In the real world, this sounds very easy and 
possible, but in reality, one would first need to understand and consider all the clinical 
processes of collecting, storing, sharing and mining such kinds of clinical data. In addition, 
legal constraints and ethical considerations are also crucial aspects to be considered when 
dealing with data from clinical registries. 
An evaluation following Nielsen’s ten heuristics was used to assess the elements of the 
prototype during the evaluation process. The prototype scored highly on all the ten 
dimensions: H1=Visibility of system status scored 8.3 out of 10; H2=Match between the 
system and the real world scored 9.6; H3=User control and freedom scored 8.8; 
H4=Consistency and standards scored 9.4; H5= Error prevention scored 9.8; 
H6=Recognition rather than recall scored 9.3: H7=Flexibility and efficiency of use scored 9; 
H8=Aesthetic and minimalist design scored 9; H9=Help users recognize, diagnose, and 
recover from errors scored 9.1; and H10= Help and documentation scored 8.5.  
Time was another measure through which results showed that it was faster to solve tasks 
when using the developed prototype than when following the current practises. An average of 
06:10 minutes of working in a traditional set-up could be brought down to an average of 
02:11 minutes. 
The results suggest that users were comfortable with the interaction and managed to complete 
all the tasks without any significant errors or impossible to overcome difficulties. All in all, 
the prototype seemed to have exhausted evaluation possibilities at this level so it can be now 
taken to clinicians to invite for their further suggestions. 
As a contribution to domains with clinical databases and to cancer registries in particular, this 
solution will simplify the process of extracting information from the registry data, and will 
enable various user groups, clinicians, medical students and the public, to directly interact 
with the system and have quick access to the data stored in these registries. It will also bring 
the knowledge of Human Computer Interaction into the well established clinical domains with 
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Appendices 
	  
Appendix 1: Hand-drawn & electronic sketches from first 
iteration 
 




   
 
Design	  alternative	  2:	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Design	  alternative	  3:	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Appendix 2: Question Option Criteria (QOC) Formulation 
 
The Questions, Options and Criteria were first constructed in a table before matching the 
options against the criteria.	  Therefore,	  Appendix	  2a	  presents	  first	  each	  QOC	  set	  in	  a	  table,	  
which	  is	  followed	  by	  its	  diagrammatical	  presentation.	  
	  
	  
Appendix 2a: First Iteration: QOC set 
 
This QOC set was used in the design process during the first iteration. 
	  
Q1: How should a button be 
displayed? 
O1: Bright coloured 
O2: With shadow  
O3: Animate 
O4: Highlight on hover 
C1: Should be visible 
C2: Should maintain user’s attention on 
the content 




Q2: How should one navigate 
from one view mode to 
another? 
O1: Breadcrumb navigation 
O2:List of links 
O3:Arrows:Next & Previous 
O4: Navigation menu 
C1: Navigation should happen 
naturally for users. 
C2: Must be intuitive 
C3: Should have an overview 
C4: User should not get lost 
easily 
C5: Show where the user is. 
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Q3: How much content should 
be displayed on the top page? 
O1: Maximal 
O2: Minimal 
C1: Easy to interact 
C2: Easy to visualise 
C3: Spaciously spread out. 
C4: Avoid scrolling to view  
C5: Match the real world 
 
 
Q4: How many containers should the 






C1: Content should be readable 
C2: Contain all the necessary 
elements 
C3:Not too compressed  
C4: Easy to navigate through 
 
 
Q5: How should the containers in 
the top page be labeled? 
O1: Text and image 
O2: Only Test 
C1: Should not use too much space 
in the screen. 
C2: Demonstrate affordance 
C3: Match the real world 
C4: Not confuse users 
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Q6: How should the content labels of 
pages other than the top page appear? 
O1: Text and images 
O2: Only Test 
C1: Should not crowd the 
page 
C2: Easy to read  
C3: Easy to locate 
C4: Maintain user’s attention 








O2: Left vertical 
O3: Right 
vertical 
C1: Easy to see  
C2: Not interfering with other design 
elements 




Q8: How many content containers should 
pages other than the top page have?  
O1: Two 
O2: Four 
C1: Enough to include all necessary 
content 
C2: Not cause confusion 
C3: Not too compressed 
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O3: Eight  
C1: Not too many to crowd the page 
C2: Easy to locate  




Q10: How should the tabs be 
displayed? 
O1: Permanent 
O2: Appearing  
C1: Give continuous feedback to users 
C2: Should be visible  
C3: Should be obvious to users. 
 
 






C2: Easy to access at all times 
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Appendix 2b: Third Iteration: QOC set 
 
This QOC set together with the set presented in the Appendix 2a were used for designing the 
final prototype during the first iteration. 
 






O4: An Icon 
C1: Should give a clue of its 
purpose 
C2: Match the rest of the design-
blend in. 
C3: Easy to locate 
C4: Should not disrupt users 
 
 
Q2: Where should the search 
function be positioned? 
O1: On top page 
only 




C1: Be visible at all times 
C2: Quick and easy access. 
C3: Should appear consistently 
throughout the  prototype. 
 
 
Q3: How should users be allowed to 
perform the search? 
O1: Simple search 
O2: Simple and 
Advanced search 
C1: Keep things simple for 
users 
C2: Allow good and detailed 
search results  
C3: allow user to do any kind 
of searching 
C4: Easy to use and 
understand how it works 
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**Q4: How should the variables 
be presented? 
(Extension to the last Qn) 
 
 














C2: Easy to access at all times 
C3: Should appear consistently 
throughout the prototype. 
 
C1: Extendable 
C2: Possible to select more than one 
item 
C3: Intuitive 









G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   117	  
 
Appendix 3: Interactive prototype from second iteration 
Screenshots of the parallel prototypes with interactivity created during the second iteration. 
 
Design alternative 1:  
 
   
 
Design alternative 2:  
 
   
Design alternative 3:  
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Appendix 4: Usability Testing 
 
Appendix 4a: Semi-structured questionnaire for the Usability 
Testing 
 
This semi-structured questionnaire was completed online from the following links: 












USABILITY TESTING: QUESTIONNAIRE 
 




































Searched the web for 














Please rate the designed prototype using the ratings: Strongly disagree, Disagree, Neutral, Agree 
or Strongly agree.  
 Question Strongly 
disagree 




I was able to complete the tasks 
without difficulties. 
     
 
2 
I was able to complete the tasks 
without any help. 
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3 
Terminologies and icons used were 
clear and easy to understand. 
     
 
4 
The tool was slow and confusing to 
use. 
     
 
5 
The prototype provided the 
necessary functionalities to enable 
me perform the tasks I was assigned. 
     
 
6 
The simple and intuitive design made 
it easy to learn how to use the tool. 
     
7 It was easy to forget how to use the 
tool if I do not use it in the daily bases.  
     
 
8 
It will take short time to master the 
usage of this tool. 




The design presents information in an 
aesthetically pleasing manner 
     
 
10 
I kept on making errors while 
performing tasks. 
     
 
11 
The tool prevented me from selecting 
irrelevant variables. 
     
 
12 
I think the prototype was consistent, 
easy to follow how the different parts 
were connected and easy to navigate 
through. 
     
13 I enjoyed using this tool.      
14 I would like to use this tool in the 
future. 
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Request for participation in the research project 
“Human Computer Interaction Design for Data Mining In Cancer Registries” 
Investigators: 
I am a master student in Information Science at the University of Bergen writing a master’s 
thesis about “Human Computer Interaction Design for Data Mining In Cancer Registries”. 
My supervisor is Ankica Babic from the Department of information science and Media 
Studies at the University of Bergen and the Department of Biomedical Engineering in 
Linkoping University. 
 
Background and purpose of the thesis: 
This is a request for you to participate in this research project that aims at providing 
different design solutions that will enable efficient and user-friendly visualisation of data 
mined from the cancer registries. 
The research study will address the following questions: 
• How can Human Computer Interaction make interfaces for data visualisation in data 
mining more efficient and user friendly? 
• How can the research of this thesis help transform the current state of presenting data 
from the cancer registries to a better and preferred state? 
• How can smart user interfaces enable good data visualisation for different users 
groups? 
• Will this kind of research and interfaces help to change the way users look at the registry 
data? 
This research thesis is planned to complete on 1st June 2014. 
 
What does the interview entail? 
During this written semi-structured interview, participants will be asked to perform some 
simple tasks on the new design and then afterwards asked to rate the design by agreeing 
or disagreeing to some statements connected to the tasks and the performance of the 
designed prototypes. 
These statements will focus on the usability aspects, functionalities and interaction between 
the user and the designed prototypes while the open questions will allow participants to 
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express their design opinions and comment on how the design can be improved in the next 
iterations. 
The target user groups clinicians, medical students and the public. The estimated time for 
performing the tasks and completing the questionnaire is estimated to be about one hour. 
 
What will happen to the interview content and the information about you? 
Notes and descriptions of the reflections from the interviews carried will be anonymous and 
the information obtained from the interviews will remain confidential and protected from any 
access by third parties. Any academic publications resulting from this research thesis upon 
the completion of the project will not reveal any individual interviewees in any ways.   
 
Voluntary participation: 
Participation in this interview is voluntary. You can withdraw your consent to participate in 
this interview at any time without stating any particular reason. 
Therefore, before the interview begins, I ask you to consent to participation by signing that 
you have read and understood the information about what this thesis project is about and 
would like to participate in the interviews. 
 
Consent for participation in the interview: 
 
I (name)_________________________________________________have read and understood 
the information above and give my consent to participate willingly in the interview. 
 
________________________________   _______________     ____________________ 
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Appendix 4c: Usability Testing Tasks 
 
Tasks carried out by users during the Usability Testing 
 
TASKS FOR USABILITY TESTING  
 
These simple tasks aim at familiarising the testing participants with the designed 
prototypes before they start answering the questionnaire. The same tasks will be used 
for each of the three design alternatives. 
 
TASK 1:  
Find the Female population in Stockholm and the Male population in Norrbotten for the 
year 2010. 
 
TASK 2:  
Find out how many men and women living in Uppsala were diagnosed with cancer of the 
colon in 2010. 
 
TASK 3:  
Find out how many people from Blekinge aged between 25-60 years were diagnosed 
with cancers of the lip in 2010. 
 
TASK 4:  
Find out how many men and women from Stockholm medical region were diagnosed 
with cancers of the stomach. 
 
TASK 5:  
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Appendix 4d: Results from Usability Testing 
The following information about the five participating users was obtained: gender, age, 
frequency of computer/Internet use, and whether they had searched the web for medical-
related issues.  
 









G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   125	  




Design alternative 1 
Responses from the Questionnaire. 
 
QN 1:I was able to complete the tasks without difficulties. 
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Qn 3:Terminologies and icons used were clear and easy to understand. 
 
 
Qn 4:The tool was slow and confusing to use. 
 
 
Qn 5:The prototype provided the necessary functionalities to enable me perform the 








G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   127	  
Qn 6:The simple and intuitive design made it easy to learn how to use the tool. 
 
 
Qn 7:It was easy to forget how to use the tool if I do not use it in the daily bases.  
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Qn 9:The design presents information in an aesthetically pleasing manner 
 
 
Qn 10:I kept on making errors while performing tasks. 
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Qn 12:I think the prototype was consistent, easy to follow how the different parts were 
connected and easy to navigate through. 
 
 
Qn 13:I enjoyed using this tool. 
 
 
Qn 14:I would like to use this tool in the future. 
 
 
Qn 15: What design features do you think made this design appealing? 
- The dashboard was good but only for some tasks.  
- The background images fitted well. 
- Simple design - Dashboard  
- The possibility to choose to look at the data from the map or chart or the body 
diagram. 
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Qn 16: What design features do you think should be included in order to improve this 
interface? 
- GO" button to press when i finish selecting what data i want to see- more data 
options (categories eg. deaths) 
- Search function -Possibility to select more than one item from the same group 
eg. to select more than one age group. 
 
Comment: Please add any comments or recommendations regarding the overall design. 
-I could not select more than one variable eg. not possible to choose males and 
females. 
-More variables to make the selection more specific, eg. there was no where to select 
the "Deaths". 
-I think the dashboard makes the prototype seem incomplete, it will be good if this was 
not the only option 
 
 
Design alternative 2 
Responses from the Questionnaire. 
 
QN 1:I was able to complete the tasks without difficulties. 
 
QN 2: I was able to complete the tasks without any help. 
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Qn 3:Terminologies and icons used were clear and easy to understand. 
 
 
Qn 4:The tool was slow and confusing to use. 
 
 
Qn 5:The prototype provided the necessary functionalities to enable me perform the 
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Qn 6:The simple and intuitive design made it easy to learn how to use the tool. 
 
 
Qn 7:It was easy to forget how to use the tool if I do not use it in the daily bases.  
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Qn 9:The design presents information in an aesthetically pleasing manner 
 
 
Qn 10:I kept on making errors while performing tasks. 
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Qn 12:I think the prototype was consistent, easy to follow how the different parts were 
connected and easy to navigate through. 
 
 
Qn 13:I enjoyed using this tool. 
 
Qn 14:I would like to use this tool in the future. 
 
 
Qn 15: What design features do you think made this design appealing? 
- The map and the information that comes up when hovering 
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Qn 16: What design features do you think should be included in order to improve this 
interface? 
- A better arrangement of the content. 
- The consistency of the design should be improved. 
 
Comment: Please add any comments or recommendations regarding the overall design. 
- The consistency of the design should be improved.  
- not easy to find the medical region especially on the map, only the city comes 
up. 
- Could not choose more than one variable. 
- The map on the map page was not in the center of the page. 
- Putting clinical trials on the top page is not a good idea. 
- Medical regions are too hidden 
 
 
Design alternative 3 
Responses from the Questionnaire. 
QN 1:I was able to complete the tasks without difficulties. 
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Qn 4:The tool was slow and confusing to use. 
 
 
Qn 5:The prototype provided the necessary functionalities to enable me perform the 
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Qn 6:The simple and intuitive design made it easy to learn how to use the tool. 
 
 
Qn 7:It was easy to forget how to use the tool if I do not use it in the daily bases.  
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Qn 9:The design presents information in an aesthetically pleasing manner 
 
 
Qn 10:I kept on making errors while performing tasks. 
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Qn 12:I think the prototype was consistent, easy to follow how the different parts were 
connected and easy to navigate through. 
 
 
Qn 13:I enjoyed using this tool. 
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Qn 15: What design features do you think made this design appealing? 
- It was easy to find what i was looking for 
- I liked the clean design with calm colors. 
- The design was clean and it had more things to choose from than the first 
design 
- The images used on the top page fitted very well. 
- The way the different parts were arranged on the top page was neat and easy to 
select on. 
 
Qn 16: What design features do you think should be included in order to improve this 
interface? 
- Possibility to see the data shown on the graphs. 
- The functions were very good, but some small things should be done to clean 
up the looks. 
- The search function. 
 
Comment: Please add any comments or recommendations regarding the overall design. 
- I did not see why the clinical trial is put on the top page. 
- I think the heading is not so interesting. 
- Components of the top page are too squeezed together. Removing clinical trials 
will make space for the remaining ones.  
- Some parts were consistent but not all. 
- The heading was not the best  
- I thought the medical terms was some kind of a medical dictionary. Maybe 
another name for that label. 
- Not very consistent when it comes to the position of the map, human body and 
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Appendix 4e: Time tracking - Usability Testing 
 
(Time, in minutes, taken for users to complete each task for each design alternative.) 
Below are tables with the times taken for users to perform the set tasks for each of the three 
parallel prototypes. Each table shows how long each task took for a user to complete. 
 
 
USER 1                                           USER 2    USER 3 
 
Tasks Design1 Design2 Design3    Tasks Design1 
Design 
2 Design3  Tasks Design1 Design2 Design3 
Task 1 :01:06 :00:48 :00:32  Task 1 :00:59 :00:53 :00:42  Task 1 :00:42 :00:36 :00:34 
Task 2 :00:46 :00:45 :00:25  Task 2 :00:52 :00:41 :00:31  Task 2 :00:32 :00:34 :00:24 
Task 3 :01:01 :01:03 :00:30  Task 3 :01:09 :00:59 :00:31  Task 3 :00:56 :00:59 :00:31 
Task 4 :00:59 :00:50 :00:44  Task 4 :00:58 :00:55 :00:40  Task 4 :00:44 :01:01 :00:29 
Task 5 :01:01 :00:43 :00:42  Task 5 :01:01 :00:44 :00:41  Task 5 :00:58 :00:41 :00:36 
Total :04:53 :04:09 :02:53  Total :04:59 :04:12 :03:05  Total :03:52 :03:51 :02:34 
Average :00:59 :00:50 :00:35  Average :01:00 :00:50 :00:37  Average :00:46 :00:46 :00:31 
 
 
USER 4                                         USER 5              AVERAGE TIME USED 
 
Tasks Design1 Design2 Design3  Tasks Design1 Design2 Design3  User Design1 Design2 Design3 
Task 1 :00:40 :00:41 :00:29  Task 1 :00:59 :00:51 :00:34  U1 :04:53 :04:09 :02:53 
Task 2 :00:31 :00:38 :00:22  Task 2 :00:42 :00:49 :00:30  U2 :04:59 :04:12 :03:05 
Task 3 :00:57 :00:58 :00:36  Task 3 :01:02 :01:03 :00:32  U3 :03:52 :03:51 :02:34 
Task 4 :00:45 :00:40 :00:30  Task 4 :00:46 :00:52 :00:30  U4 :03:52 :02:37 :02:28 
Task 5 :00:59 :00:40 :00:31  Task 5 :01:01 :00:48 :00:32  U5 :04:30 :04:23 :02:38 
Total :03:52 :03:37 :02:28  Total :04:30 :04:23 :02:38  Total :22:06 :19:12 :13:38 
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Appendix 5: Final prototype 
 
The design features of the final prototype. 
1.  The Top page: presents four different options of viewing the data.  
From a selected view, users will be able to view the data in the reports that is relevant for 
that particular view. The selection of the variable is on the top content box, and it remains 
constant throughout the selected view. The search, hover and click functionalities help 
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The sub-pages found under the ‘Map view ‘are Medical regions, Show data and Detailed 
facts. 
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Show data possibility 
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The sub-pages found under the ‘Graphical View ‘are Select chart style, Show data and 
detailed facts. The detailed facts and show data follow the same concept as shown on 
the ‘Map view’.  
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Select chart style 
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Graph showing the male population of Norrbotten 
 
Users can interact with the graphs so as to have a closer look at the details shown. The 
example below shows the male population of Norrbotten when population was the 
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4.  Human Anatomy View: 
 
Human anatomy View 
The sub-pages found under the ‘Human Anatomy View’ are Detailed facts, Show data 
and Show images. The detailed facts and show data follow the same concept as shown 
on the ‘Map view’. 
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On mouse hover over the head and chest area, the user can see brief information 
according to the specified variables. 
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5.  Code Translation: 
With a search function and PDF view possibility, the ‘Code translation’ page  contains a 
list of the codes used in the reports.  
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6. More data Options: 
This consists of the ‘Generate reports’ and ‘Dashboard’ features. 
 
6a) Generate reports: Provides the possibility to generate custom reports and the 
normal yearly reports. 
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6b) Dashboard:  This feature allows users to compare several variables. In addition, 
users can interact with the map, graph and chart displayed. On hover over a region on the 
map, the specified variable displays. For example, in the figure below, the variables were: 
cancers of the bone, Våsternorrland and both genders were specified for the map 
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7.  Clinical Trials: 
This provides users with a possibility to find out the clinical trials nearest to them. The 
example on the figures below shows clinical trials relater to cancers of the upper 
respiratory tract. The search results are obtained from clinicaltrials.gov, a public web 
based data resource for clinical trials.  
 
 
      
Possibility to search for clinical trials 
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An example of clinical trials search results 
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The main search function 
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Appendix 6: Expert Evaluation	  
 
Appendix 6a: Expert evaluation form 
 
Heuristic Evaluation Form. 
  
I am a master student in Information Science at the University of Bergen writing a 
master’s thesis about “Human Computer Interaction Design for Data Mining In Cancer 
Registries”. I have designed a prototype for visualizing data mined from cancer registries 
and will appreciate your help in evaluating this prototype. 
The evaluation consists of two parts; Performing some simple tasks by following the 
current practises and the designed prototype; and Evaluating the prototype following 
Nielsen's Heuristics where you will be asked to rate the prototype using a scale of 1-10 
where 1=Very poor and 10 = Very good. Comments can be added under each heuristic. 
 






























 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
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H8: Aesthetic and minimalist design. 
 
 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  Very poor           Very good 
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 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
 1 2 3 4 5 6 7 8 9 10  
Very poor           Very good 
G.race	  B.	  Kanza:	  Human	  Computer	  Interaction	  Design	  for	  Data	  Mining	  in	  Cancer	  Registries	  
 
	   162	  
Appendix 6b:Expert evaluation tasks 
 
HEURISTIC EVALUATION OF THE PROTOTYPE 
 
I am a master student in Information Science at the University of Bergen writing a 
master’s thesis about “Human Computer Interaction Design for Data Mining In Cancer 
Registries”. I have designed a prototype for visualizing data mined from cancer registries 
and will appreciate your help in evaluating this prototype. 
The evaluation consists of two parts; Performing some simple tasks and Evaluating the 
prototype following Nielsen's Heuristics You will be asked to rate the prototype using a 
scale of 1-10 where 1=Very poor and 10 = Very good then add a comment where you 
think something could have been done differently. 
 
TASK 1:  
From the map view, find the statistics of breast cancer occurrences in Skåne for both 
genders and all ages in 2010. 
 
TASK 2:  
From the dashboard on the map view, find the number of deaths resulting from cancers 
of the stomach and pancreas. 
 
TASK 3:  
From the graphical view, find the Female population in Stockholm and the Male 
population in Norrbotten 
 
TASK 4:  
From the Human anatomy view, find out how many males and females from Medical 
region 1 (Stockholm) have been diagnosed with cancers of the head and neck in 2010. 
 
TASK 5:  
From the code translation, find the list of  ‘L ip’  cancers. 
 
TASK 6:  
From the graphical view, show data represented on the graph. 
 
TASK 7: 
From the graphical view, select pie chart style.  
 
TASK 8:  
From the Human anatomy view, find at least one  image of Lung cancer cells. 
 
TASK 9:  
From the map view, generate a custom report showing new cases of cancer of the Lip 
diagnosed in Stockholm medical region from the year 2006 to 2010. 
 
TASK 10:  
From the Human anatomy view, find the detailed facts about the cancers of the upper 
respiratory tract THEN  
- Find the related (of the upper respiratory) clinical trials with closed recruitment status, 
which are completed and Active, not recruiting. The given county is Uppsala and the 
trials should be within 20km from postal code is 5005. 
-Print the retrieved results. 
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Appendix 6c: List of heuristics briefly described 
 
The TEN HEURISTICS according to Nielsen et.al . (2011) .  
 
H1: Visibil ity of system status:  
The system should always keep users informed about what is going on, through 
appropriate feedback within reasonable time. 
 
H2: Match between system and the real world:  
The system should speak the users' language, with words, phrases and concepts familiar 
to the user, rather than system-oriented terms. Follow real-world conventions, making 
information appear in a natural and logical order. 
 
H3: User control and freedom:  
Users often choose system functions by mistake and will need a clearly marked 
"emergency exit" to leave the unwanted state without having to go through an extended 
dialogue. Support undo and redo. 
 
H4: Consistency and standards:  
Users should not have to wonder whether different words, situations, or actions mean the 
same thing. Follow platform conventions. 
 
H5: Error prevention:  
Even better than good error messages is a careful design which prevents a problem 
from occurring in the first place. Either eliminate error-prone conditions or check for 
them and present users with a confirmation option before they commit to the action. 
 
H6: Recognit ion rather than recall :  
Minimize the user's memory load by making objects, actions, and options visible. The 
user should not have to remember information from one part of the dialogue to another. 
Instructions for use of the system should be visible or easily retrievable whenever 
appropriate. 
 
H7: Flexibil ity and eff iciency of use:  
Accelerators—unseen by the novice user—may often speed up the interaction for the 
expert user such that the system can cater to both inexperienced and experienced users. 
Allow users to tailor frequent actions. 
 
H8: Aesthetic and minimalist design:  
Dialogues should not contain information which is irrelevant or rarely needed. Every extra 
unit of information in a dialogue competes with the relevant units of information and 
diminishes their relative visibility. 
 
H9: Help users recognize, diagnose, and recover from errors:  
Error messages should be expressed in plain language (no codes), precisely indicate the 
problem, and constructively suggest a solution. 
 
H10: Help and documentation:  
Even though it is better if the system can be used without documentation, it may be 
necessary to provide help and documentation. Any such information should be easy to 
search, focused on the user's task, list concrete steps to be carried out, and not be too 
large. 
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Appendix 6d: Time tracking – Expert evaluation 
 
Below are tables with the times, in minutes, taken by experts to perform the first five tasks 
when following both, the current ways and the suggested ways through the designed 




























Task 1 0:01:19 0:22:00  Task 1 0:01:56 0:00:25  Task 1 0:02:04 0:01:34 
Task 2 0:03:59 0:42:00  Task 2 0:02:01 0:00:32  Task 2 0:01:21 0:00:48 
Task 3 0:00:45 0:22:00  Task 3 0:01:01 0:00:23  Task 3 0:00:53 0:01:29 
Task 4 0:04:48 0:39:00  Task 4 0:03:59 0:00:23  Task 4 0:02:29 0:00:50 
Task 5 0:01:02 0:34:00  Task 5 0:03:32 0:00:26  Task 5 0:01:23 0:00:15 
Total 0:11:53 2:39:00  Toral 0:12:29 0:02:09  Toral 0:08:10 0:04:56 





























Task 1 0:03:54 0:01:25  Task 1 0:01:49 0:00:51  Task 1 0:00:35 0:00:59 
Task 2 0:03:27 0:02:08  Task 2 0:01:15 0:00:41  Task 2 0:01:52 0:01:12 
Task 3 0:01:13 0:00:53  Task 3 0:00:29 0:00:39  Task 3 0:02:16 0:00:55 
Task 4 0:05:11 0:00:40  Task 4 0:03:53 0:00:23  Task 4 0:03:52 0:00:53 
Task 5 0:01:54 0:00:29  Task 5 0:05:49 0:00:27  Task 5 0:01:11 0:00:26 
Total 0:15:39 0:05:35  Toral 0:13:15 0:03:01  Toral 0:09:46 0:04:25 
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Task 1 0:04:21 0:00:42  Task 1 0:05:23 0:01:38  Task 1 0:03:21 0:00:26 
Task 2 0:02:59 0:01:02  Task 2 0:03:27 0:02:31  Task 2 0:01:49 0:00:39 
Task 3 0:01:32 0:00:31  Task 3 0:01:20 0:00:12  Task 3 0:00:59 0:00:25 
Task 4 0:01:09 0:00:21  Task 4 0:01:14 0:00:15  Task 4 0:01:32 0:00:32 
Task 5 0:00:49 0:00:19  Task 5 0:00:22 0:00:11  Task 5 0:00:24 0:00:21 
Total 0:10:50 0:02:55  Toral 0:11:46 0:04:47  Toral 0:08:05 0:02:23 
Average 0:02:10 0:00:35  Average 0:02:21 0:00:57  Average 0:01:37 0:00:29 
 
 
























Task 1 0:01:04 0:00:21  Task 1 0:04:19 0:01:28  Task 1 0:03:02 0:00:49 
Task 2 0:01:21 0:00:54  Task 2 0:02:21 0:02:19  Task 2 0:02:21 0:01:01 
Task 3 0:00:59 0:00:58  Task 3 0:01:03 0:00:48:  Task 3 0:00:59 0:00:21 
Task 4 0:00:39 0:00:29  Task 4 0:03:29 0:00:23  Task 4 0:02:09 0:00:19 
Task 5 0:03:32 0:00:21  Task 5 0:02:30 0:00:21  Task 5 0:00:55 0:00:23 
Toral 0:07:35 0:03:03  Toral 0:13:42 0:04:31  Toral 0:09:26 0:02:53 
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ways (Time in 
min.) 
Task 1 0:01:04 0:01:01 
Task 2 0:01:39 0:01:12 
Task 3 0:02:01 0:00:57 
Task 4 0:03:49 0:00:59 
Task 5 0:01:21 0:00:47 
Total 0:09:54 0:04:56 






AVERAGE TIME IN MINUTES 
Experts 
Current ways 
(Time in min.) 
Suggested ways 
(Time in min.) 
Expert 1 0:08:13 0:02:49 
Expert 2 0:02:44 0:01:08 
Expert 3 0:08:13 0:02:49 
Expert 4 0:05:29 0:01:59 
Expert 5 0:06:24 0:02:16 
Expert 6 0:06:10 0:02:11 
Expert 7 0:06:13 0:02:12 
Expert 8 0:05:48 0:02:04 
Expert 9 0:06:30 0:02:17 
Expert 10 0:06:01 0:02:08 
Expert 11 0:06:13 0:02:12 
Expert 12 0:06:08 0:02:11 
Expert 13 0:06:09 0:02:11 
Total 1:20:14 0:28:28 
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 SCORES COMMENTS 
HEURISTIC 1 10 -Dashboard hidden 
 10 
--Sometimes you don't know if the system is responding eg. after 
clicking- go-  
 10 it is not easy to know when to hover the mouse, it the selection has been  
 9 -solution: make a small hint by text or highlight on the map 
 10 or that human body when the data is updated and ready. 
 8 -The system had good information aout what pages you were on.  
 8 
-Some operations took a long time and no progress indicator was 
shown.  
 9 This left me unsure as to whether or not anything was happening  
 9 with the system or if I should try to click the element again. 
 9  
 9  
 6  
 7  
   
HEURISTIC 2 10 
-It is a good idea that users can choose to view the data on the map or 
graph or that human body.  
 10 It becomes simple to find the different kinds of cansers. 
 10 -Not easy to know all the counties. 
 10 -Skeleton ok for bone cancers, maybe 3D body for the rest? 
 10 
--Good use of icons and images 
- The map,body and graph are easy to use. 
 8 
-After looking at the pdf-document this system seems to fix all the 
problems related to searching and stuff. 
 9 
Easy to understand. Of course some of the words were hard to 
understand for me,  
 10 who don't have any knowledge about the cancer and cancer cases.  
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 10 But even though i did not know anything about the field of study, 
 10 I felt i understod the most. 
 10 
-Ikke mye å utsette her, forsto stort sett hva de forskjellige menyene 
ledet til.  
 10  
 8  
   
HEURISTIC 3 10 -Nice search under Code Translation 
 9 
-The way to return to the main page were a bit hard, and should maybe 
be a bit mote clear.  
 9 Even though I tought it was easy to "escape" most of the situations. 
 10 
It was good that the different views are always available to switch 
between  
 10 regardless of what information is showed in the lower part. 
 7  
 9  
 10  
 10  
 10  
 7  
 9  
 5  
   
HEURISTIC 4 10 
-Consistent positioning of the navigation bar was very good. 
-East to know where you are.  
 10 Good!  
 10 
Good use of standard web widgets such as tabs, combo boxes and 
radio buttons 
 10 
made me able to navigate easily without any prerequisite knowledge of 
of the system. 
 10 
However, I miss an option to reset the search criteria before starting a 
new search. 
 9 
It could be cumbersome to remove all the criteria from the last search if 
there are many of them. 
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 10  
 10  
 10  
 10  
 9  
 8  
 7  
   
HEURISTIC 5 10 -No error occured 
 10 --No errors at all 
 10 -no errors 
 9 -Good, not many errors that occured.  
 10 
Maybe there should be some red start next to forms that have to be filled 
in to get some information. 
 10 -I didn't encounter any errors, so I can only assume that it is good. 
 10  
 10  
 10  
 10  
 9  
 10  
 10  
   
HEURISTIC 6 10 - I think the clinical trials were not easy to find, also the dashboard. 
 10 
-Difficult to locate clinical trials, but it was a very interesting feature when 
i finally located it. 
 10 
-Generate report and Dashboard and clinical trials was difficult to locate. 
**Suggestion:-Make them tabs  
 10  
 10  
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 8  
 8  
 8  
   
 10  
 9  
 10  
 9  
   
HEURISTIC 7 10 -There was a search function hidden deep in a menu,  
 9 that could be easier to find to make experts get to that function quicker. 
 10 
When I've done the tasks more then once I easily learned the way of 
doing it.  
 10 
If I had done different tasks one more time i think i would be going pretty 
much faster.  
 10 -So good! 
 7  
 10  
 10  
 10  
 8  
 10  
 8  
 5  
   
HEURISTIC 8  
- Very clean design.  
- It made me find the data i wanted to see very fast.  
 10 -Simple and beautiful design 
 10 Nice design, but it could be larger in height and width. 
 10 Very minimalist and nice design.  
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 10 
Very much information on some pages, but probarbly needed for those 
tasks. 
 7 I miss clearer visibility of which options are currently selected.  
 10 
For instance, the selected tab is white and the deselected tabs are light 
grey. I 
 10 t is not that easy to see the difference quickly. 
 10  
 9  
 8  
 7  
 7  
   
HEURISTIC 9 10 -did not experience any errors 
 10 -Didn't encounter any errors 
 10  
 9  
 9  
   
 10  
 10  
 10  
 10  
 8  
   
 5  
   
HEURISTIC 
10 9 -Could not find help and documentation 
 10 -It was clear how to use it, so did not need documentation 
 10 -5 because i pressed the scale,  
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 9 
I don't think extra documentation is needed if the user gets a proper 
introduction to 
 9 the system and knows the specific terms for medical stuff. 
  -The documentation and way to undestand different codes 
 10 is much easier in this system than in the old PDF document. 
 9 
-I miss having tooltips pop up describing the element when i hover over 
a button or another control. 
 10  
 5  
 10  
 7  
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Abstract— Cancer registries are created, managed and data 
mined to gain knowledge about long term patient outcomes, 
effects of medication, clinical factors influencing patients' well-
being.  Equally important is the insight into the cost effective-
ness of cancer treatments, and securing data input from differ-
ent medical centers and enable competent data analysis and 
meaningful results. Interest among different user groups (phy-
sicians, researchers,  health care administrators, policy mak-
ers) cerates expectations regarding the results and active role 
in the development and in interactive use of the information. 
This paper discusses several design cases in which  data mining 
could be implemented to enable efficient and user friendly 
knowledge extraction. Three important design cases have been 
identified following the pathways that the users typically 
make:  1. ensemble data mining from long term national regis-
tries; 2. ensemble data mining form the dedicated clinical web-
databases; 3. ensemble distributed data mining and analysis.  
Keywords— HCI design, big data, data visualization, data 
mining, cancer registries 
I. INTRODUCTION  
Long term studies with a high number of subjects   are 
trusted to give statistically meaningful results and a reliable 
insight into the patient outcomes. Clinical trials have estab-
lished very strict study conditions and collect and process a 
wide range of clinical variables to provide answers to the 
study hypotheses.  Registries have been developed using 
fewer data items, limiting the number of primary and sec-
ondary end points, but they gather data from several centers, 
both nationally and internationally. They allow several 
periodic analyses and some flexibility in generating reports. 
However, for many years researchers and physicians had to 
deal with more than one tool to obtain, analyze and visual-
ize data from the registry. Reports have been published off 
line:  once the gathered data was verified, data sets are sent  
to bio-statisticians. Reports resulting from those analyses 
typically come back in a form of a file which could be tedi-
ous to follow: having to look at never ending rows and 
columns of numbers is cognitively a demanding task that 
could be eased by human computer interaction methodol-
ogy. A hypothesis could be made to explore how a smart 
design for visualizing could benefit mining the data from 
what is usually called big data [1]. The notion of big data 
stands for the combination of various clinical data, images, 
and textual information, all of which is the reality of the 
patient management, clinical research and medical educa-
tion. We will look at the example of Swedish Cancer Regis-
try and the report based on it (Design Case 1). 
In addition, we will look at specialized web-sites offering 
information regarding registries covering a great number of 
clinical indications and outcomes, study duration, data 
types, clinical centers involved, study status. At best those 
sites offer some information retrieval function and no possi-
bility for data mining. A good example of a very well estab-
lished web-site is ClinicalTriasl.gov that is visited by clini-
cians, researches, industries, and patients interested in the 
clinical trials (Design Case 2). 
Cancer registries, and web-sites containing information 
about cancer related studies, are subjects of change as new 
data brings new information and holds insights into the 
patient population, disease  treatment, and changing pat-
terns. It is one  of the challenges of data mining to design a 
distributed system in which users would contribute their 
data and track those changes (Design Case 3). 
II. RESEARCH FRAMEWORK AND METHODS 
There is a large amount of clinical and administrative da-
ta that healthcare information systems produce for each 
patient in different care processes. However sufficient 
knowledge discovery methods can be developed to retrieve 
information and implicit knowledge about evidence-based 
care processes and patient treatments. When statistical 
methods are combined with data mining techniques, reuse 
of previous experiences can be utilized in order to improve 
the clinical guidelines for treatments and services [2].  
Table 1 presents two main approaches to the data mining 
offered by the statistics and artificial intelligence 









Decision Trees, Neural 
Networks, Bayesian 
Rules, Fuzzy Logics, 
Rough Sets 
 
An excellent example of the data mining systems imple-
mented in Java, the WEKA system [3] is a collection of 
machine learning algorithms useful for extracting informa-
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tion from large databases. It is an open source system ex-
ecutable on different platforms. It could provide data in two 
main ways. The first is by allowing the possibility of load-
ing data from databases, files and Universal Resource Loca-
tors (URLs) with the help of supported formats. The second 
is the possibility to generate data from artificial data sources 
where the generated data can be edited manually with a 
dataset editor.  
Applications of data mining in a specific domain such as 
cancer have special requirements, users expect a certain 
kind of result such as optimal treatment or a survival rate. 
Methods that are capable of extracting knowledge in forms 
closer to human perception are those that induce decision 
trees, classification rules. However, often and more used are 
statistical methods due to the robustness and validity  which 
are not transparent. Clinical areas with successful applica-
tions are numerous and growing [4,5], however more re-
search should be done to aid users by designing the interac-
tions that would provide transparency and clarity of data 
mining steps.  Therefore, the research need to consider work 
flow and in particular the tasks, procedural steps, organisa-
tions and people involved in managing and analysing cancer 
registries. Resulting patterns such as resource, data, and 
interaction patterns will be assessed for their potentials to 
influence the design process.  
An overview of the research described in this paper is il-
lustrated in the Figure 1. The main goal was to explore the 
clinical data and indication for analysis, as well as to under-
stand clinical and all other related work practices. By fur-
ther looking at how data mining is conducted currently a set 
of design features could be identified (Figure 1).   
The research has been focused on the system design (ob-
jective, elements, services, workflow) and interactions 
(functions, user behaviours, workflow) [6]. The resulting, 
new automatic, user-friendly system for data mining from 
the clinical registries is to be tested and evaluated by vari-
ous expected user groups such physicians, health care ad-
ministrators, and potentially medical students. The design 
science knowledge has been instrumental in this study, and 
In particular the seven design guidelines presented by 
Hevner et al. (2004) [7]: design as an artifact, problem 
relevance, design evaluation, research contributions, re-
search rigor, design as a search process, and communica-
tion of research.   
From the various evaluation methods proposed by 
Rogers, Sharp, and Preece (2011) [8], this research employs 
the analytical evaluation where experts will be involved in 
the evaluation process.  
 
Fig.1 Design steps in data mining. 
 
 
The design should also look at the number of quality is-
sues and how they could  resonate with the users, both med-
ical and administrative. Table 2 lists the quality aspects such 
as appropriateness of the data, way the results and 
knowledge could be presented and validation issues.   
Table 2 Aspects of quality assurance of importance for data mining. 
DATA Is the data representative, reproduci-
ble,  of good quality? 
PATTERNS Are the patterns presentable, under-
standable, easy to interpret and 
reason about?  
KNOWLEDGE 
 
What is feasible/ which is the best 
way to extract and present the knowl-
edge:  Regression and/or classifica-
tions formulae, decision tree, neural 
networks, statistical tables? 
VALIDATION Can we validate methods? Are results 
comparable to the published ones? 
 
Design Studies  
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There are three major cases of design to be considered. 
They are resulting from a pre-study in which we looked at 
three most typical ways of working with the cancer regis-
tries: 1. obtaining in depth analysis, 2. conducting meta 
analysis of web-based resources, 3. working with the dis-
tributed databases in different locations.  
Design Case 1: Data mining from long term national 
registries 
The Swedish Cancer Registry [9] has been a data source 
for epidemiologists and clinicians for over fifty years now. 
This data is used both at national and international levels to 
provide an overview of the country’s cancer incidences. 
Researchers, physicians and other medical staff continu-
ously use this data to study the disease in order to improve 
the treatments that already exist while aiming at finding its 
cure [9, 10]. Currently, extracting data from the registry is 
done by sending a request to the cancer registry (statisti-
cians) who retrieves the data, analyses it and sends back 
tables, graphs back to researchers and physicians who ana-
lyze, draw conclusions, and suggest additional analyses. 
This process is time consuming as it involves several stages 
starting with often repeated requests and corresponding, 
resulting sets of results. Each iteration could take up to few 
weeks.  In spite of  already well established routines, there 
are times when doctors may want to get an original solution 
for a problem at hand. For example: A research and admin-
istrative group wants to do a series of investigations fo-
cused on the intersection of aging and cancer, a study 
should discover information about treatment efficacy, non-
compliances, tolerance and effects of co-morbidities in the 
treatments of elderly colorectal cancer patients. In this case, 
data mining should consider different age groups, but that 
may cause problems since the age is measured purely 
chronological in most contexts. Another challenge might be 
to conduct a long term follow up where other populations 
registries needs to be followed- up and their data combined.  
 
Design Case 2: Data mining form the dedicated web-
databases to make their resources available to the users 
ClinicalTrials.org is an international registry with 185 
countries participating with their own data in the studies 
carried out for a number of  disease indications. In this on-
line registry, there is currently a total of 716 cancer studies 
registered from Sweden, which involve international col-
laborators from different institutions. Of these, 230 studies 
are still open and 486 closed. 
Institutional commitment to so many national and inter-
national studies shows a strong intention to do research and 
assistance in making bigger databases in which population 
representative and meaningful patterns could be extracted. 
The sense of community, collaborative work forms are 
important design factors to explore. The Table 3 shows just 
a few registries with a long duration and a high enrollment.   
Table 3 Examples of currently running colorectal cancer registries . 
 
 
Design Case 3: Distributed data mining data. 
Clinically based information systems, patient records and 
registers are designed for recording data more than report-
ing data. In normal clinical settings, there are several 
sources of information that could be eligible and useful for 
exploring clinical hypotheses (Figure 3).  
Data mining technique and machine learning methods 
can bring the facility to discover patterns and connections 
(hidden knowledge) within the medical databases. There-
fore, it is important will utilize the data by: 
• integrating information coming from various data-
base covering clinical, research, economic, and 
other aspects of patient management; 
• outlining recommendations for users on how to 




Fig.3  Design points in distributed data mining. 
III. DISCUSSION AND CONCLUSION 
Here presented design research aims at transforming the 
current state of interacting with cancer registries to a better 
and user friendlier stage. User experiences in working with 
the data sources are different, but demanding in several 
ways. The most detailed clinical knowledge is being ex-
tracted off line and with a help of a statistician. A quality 
checks performed throughout, do guarantee a reliable facts 
representative of the patient population. However, there is 
little flexibility in extracting knowledge, for example, it 
may not be simple to learn about just the mortality in a 
certain age group given a selected treatment. Automated 
systems would allow to get several interesting comparisons 
among selected patient groups. Communication in real time 
would allow testing hypotheses, identifying special cases 
which are invisible within the whole population. Ad-hoc 
searches could be performed to confirm findings reported in 
the literature in a cost efficient manner. 
Retrieving information from the dedicated web-sites re-
sults in the meta-knowledge of the studies or conditions that 
physicians are interested in; some sites offer final and peri-
odic reports, but this could be furthered by semantic meth-
odology that would look deeper into the content. In the 
cases when there are several database covering different 
clinical areas (cancer and palliative care, for example), user 
is in even bigger need of a good data mining system that 
would overcome geographical and electronic barriers. We 
plan on developing several design solutions for the design 
cases identified and reported in this paper.conclusion 
Human computer interaction design methodology pro-
vides meaningful means to make data mining easier for 
users [11]. It needs to be seen what factors will be key to the 
acceptance of new means of working with the clinical data. 
Clinical experts will need to continuously evaluate the re-
sults of knowledge extraction and to provide suggestions for 
improvements of the whole process [12]. 
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Abstract— The paper studies different user interfaces de-
veloped for visualizing data mined from cancer registries. The 
motivation behind this research is a need to create more flexi-
ble and smart, easy to use interfaces that will assist users in 
utilizing and exploring clinical information. The design process 
combined Parallel and Iterative design process models to-
gether with Personal Kanban for managing the development 
process. The developed prototype provides users with a choice 
of several data visualization possibilities, depending on the 
user’s tasks and goals. A preliminary user interface was evalu-
ated resulting in recommendations for further development. 
Heuristic evaluation with potential experts had scores on all 
the high scores on all the design dimensions: visibility of sys-
tem status; match between the system and the real world; user 
control and freedom; consistency and standards; error preven-
tion; recognition rather than recall; flexibility and efficiency of 
use; aesthetic and minimalist design; help users recognize, 
diagnose, and recover from errors; and help and documenta-
tion 
Keywords— Cancer registries, User interface, Personal 
Kanban, Parallel and Iterative design, Data visualization. 
I. INTRODUCTION  
Clinical registries have been a good source of informa-
tion and are used for research purposes in areas such as 
epidemiological research and health care planning and 
monitoring. They are used as a guide for evaluating and 
planning cancer control programs across the different re-
gions. This research looks at reports based on the data 
mined from the Swedish Cancer Registry as a starting point 
in suggesting how this data can be presented to the audience 
in smart and user-friendly interfaces that enhance the utili-
zation of information kept in such data resources. 
These particular registries are a collection of data about 
the incidences of cancer in the different regions of the coun-
try [1]. They contain among others, individual cancer pa-
tients’ information; information about the types of cancer 
and the tumor’s location in the body; their development 
phase at diagnosis; and where and when it was diagnosed. 
This information is obtained from other clinical systems 
such as the Electronic Patient Records (EPRs).  
Human Computer Interaction (HCI) methodologies in 
combination with agile development approaches are applied 
in providing a solution that can improve the current situa-
tion of presenting this kind of data. Due to the information 
needs in several settings, three different user groups were 
identified: clinicians, medical students and the public; and 
two design case studies are presented as a result of the de-
sign process. 
II. USER INTERFACE DESIGN AND USER PROFILES 
The developed prototype utilizes the Information Tech-
nology (IT) that is close to the users’ experience and under-
standing. This was expected to improve the data mining 
from the cancer registry, which is typically a demanding 
task. The artifact resulting from the design process presents 
several user interfaces that allow different user groups to 
choose the way in which they want to view, explore and use 
the data. This approach is a remedy for the current system in 
which users are presented with the data in a bulk format, 
which they manage on their own, best they can, often with 
the help of a statistician.  
Designing user-friendly interfaces for data visualizing 
makes it easy to navigate through the data and enables re-
trieval of any information that would be hard to manage due 
to the presentation and amount of information. Smart inter-
faces make data more accessible since users can specify 
exactly what data they want to see using just a few clicks. 
Several cases will therefore be demonstrated and will show 
that it is easier to explore data through simple natural inter-
actions. User will have easier time to go through a complex 
annual report that summarizes all kinds of relevant data 
typically in what seems to be endlessly many tables and 
graphs all detailing information on the cancer types, treat-
ments and outcomes. 
Three different user groups were identified; clinicians, 
medical students and the public.  
Clinicians 
This is the user group with the widest spectra since they 
continuously use data mined from the cancer registries for 
research purposes and improving clinical practices. They do 
not have direct interaction with the registries, but use statis-
ticians to obtain the data. For instance, for reporting certain 
cancer incidences at regional level, they would obtain the 
data after going through a series of steps and only then, can 
2 
MBEC2014 KANZA BABIC 5May2014.docx 
they analyze this data and make the report of particular 
interests to them. The data is often delivered with some 
delay and comes in many rows and columns, which makes 
it difficult to easily extract information. Therefore, by hav-
ing smart and user-friendly interfaces changes could be 
made to improve interactions with the registry system. Di-
rect interactions between the clinicians and the data will 
reduce the steps they are now performing. This will eventu-
ally prevent loosing the site over the information and it will 
provide users with alternative interfaces to view the data.  
A good example is when researchers explore the mined 
data in order to detect trends or make hypothesis, it is im-
portant for them to have an overview of all the variables, 
which they think could be of impact.  
Medical students 
For students, the resulting prototype opens up learning 
possibilities as it can be used as an e-learning tool by defin-
ing tasks in which the mined data could be used, for in-
stance, connect types of cancers, their treatments and the 
study outcomes to do research even at the student level. 
User interface with a good visualization technique will 
allow a student to explore relationships in the data to com-
bine different representation forms and to understand rela-
tionships which otherwise could be hard to find. 
The Public 
The current system allows the public to view the data 
from the cancer registries in form of the annual reports. The 
public gets a limited access due to the nature and sensitivity 
of the data stored in these clinical data resources. Even 
though a lot of this data is publicly available, it is still not 
easy to extract information due to the way the data is pre-
sented. The many rows and columns of the data are tedious 
and not at all encouraging to go through in search for spe-
cific information. Therefore, the need to ease the ways of 
presenting data is of crucial importance. The designed pro-
totype provides possibilities to look at the published reports 
resulting in several easy to follow interfaces.  
The inclusion of other related data from several data re-
sources will assist users in obtaining more information 
about the particular type of cancer selected. For example, 
the prototype provides the possibility for users to search for 
ongoing clinical trials that are related to the selected type of 
cancer where they can see the purposes of the trials, out-
comes, enrollment criteria and the distance to the nearest 
center performing clinical trials. 
III. METHODS 
Innovative Design 
In order to design an innovative solution to improve data 
visualization from the cancer registries, this research has 
opted for Genius design approach [2] in the initial iteration, 
which did not include users. Rogers et.al [3] suggest that 
even though users often can not tell designers what they 
want, they will know what they do not want after seeing and 
trying out a product. Therefore, presenting the users with 
the concept that will eventually solve the current problem 
opened up for the users views on what they really want. 
Consequently, we took this view to develop concepts, pre-
sent them for users and made them choose. In addition, 
research based personas and scenarios [3] were constructed 
in order to establish the initial system requirements. 
Innovative design was chosen specifically for the initial 
design in our research since we expected it to be easier for 
users to consider tentative solutions and to make them think 
about their own wishes. The speed of technology changes is 
another reason for choosing innovative design since it could 
quickly and efficiently presents solutions that would be 
otherwise difficult to envision. 
Prototyping 
This research project has portrayed the design ideas for 
visual presentation of the data mining from the cancer regis-
tries through the development of several prototypes in three 
iterations.  
Due to schedule and time constraints, distributed re-
sources, and the complex nature of the cancer registries and 
medical data, the final prototype will not be implemented 
fully in this paper. Nevertheless, emphasis was put on sug-
gesting features that are technically feasible for the devel-
opment team to implement and that can be utilized even 
beyond the current project. 
A combination of Parallel [4] and Iterative [3] design 
models was applied in order to achieve high quality user 
interfaces. Given the limited time and resources, this com-
bination was cost effective, fast and efficient to use for 
prototyping. 
Pre-iteration tasks comprised of the following: gaining an 
overview of the current situations and the ways the data is 
retrieved, handled and presented from the cancer registries; 
and there after, specifying goals and requirements that led to 
improved ways of visualizing data from these rich data 
resources.  
Three different design alternatives were created in the 
first iteration in the form of sketches, both hand-drawn and 
electronic. More than one set of sketches was made in order 
to present the design solution from different angles. Empha-
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sis was put on the top features of the designed alternatives. 
The sketches at this stage only presented the positioning and 
labeling of the intended buttons and functions, but none of 
them worked. These kept on evolving into rich electronic 
interactive vertical prototypes [3] by the end of the last 
iteration.  
During the second iteration, some interactivity was added 
to the initial sketches and usability testing was carried out 
using all three design alternatives. Users were able to inter-
act with the artifact and provide feedback, which was util-
ized in the iteration that follow to adjust the design features 
of the final prototype. The Question, Option and Criteria 
(QOC) [9] method used to single out one designed interface 
to be further developed.  
Alternations made to the prototype in this iteration were 
results from the user feedback on the previous iteration.  
Personal Kanban 
Personal Kanban [5] was used to manage the develop-
ment of the design process. This agile approach emphasizes 
on work visualization and limiting work-in-progress (WIP) 
and it is suitable for projects carried out by individuals and 
small teams. 
 It was important to use this Agile development [6] ap-
proach in order to systematically keep track of all the design 
tasks; focus, visualize the amount of tasks involved when 
prototyping; and to prioritize the tasks execution.  
The Personal Kanban board used was divided into three 
columns; backlog, in progress and done.  
The backlog column consisted of all the tasks to be com-
pleted when prototyping. They were moved from left to 
right across the board following their order of priority.  
A WIP limit of five tasks was set to the ‘in progress’ 
column in order to control the number of tasks to be han-
dled at the same time and to minimize task switching. In 
this way, the tasks were executed systematically, which in 
turn decreased the number of unfinished tasks and helped 
keeping control of the workflow. 
For instance, a task was first to be moved to the ‘in pro-
gress’ column when it was ready to be processed, but only if 
there was room for it. Upon its completion, it was moved to 
the ‘done’ column. 
The Pomodoro Technique [5] was useful not only for 
tracking time used on each task, but also was a reminder of 
taking in-between breaks in order to enhance productivity 
while working on the tasks. A series of short 5-minute 
breaks were taken after devoting full concentration on a task 
for 25 minutes. In this context, these short breaks are known 
as the Pomodoros. A 20-minute break followed after work-
ing 5 pomodoros. This approach was an encouragement to 
breaking down the work into simple and focused tasks. 
IV. DESIGN CASE STUDIES 
 Design Case Study 1: 
Problem: Finding the number of males and females who 
were diagnosed with breast cancer in 2010 in the county of 
Skåne. 
         
         Fig 2: Design Case Study 1, Viewing data from a map 
 
Solution1: The current solution for doing such a straight-
forward task involves the following steps; looking through 
several report pages in search of the categorized statistics 
then when the appropriate page is found; searching through 
dense lists with many cancer types in order to find the in-
tended type; and at last browsing through the rows to find 
the right region. The search result is the number found at the 
intersection between breast cancer and the column repre-
senting the county of Skåne. Handling data this way is a 
tedious and demanding task for any user, which discourages 
data exploration.  
Solution2: The interface in this prototype simplifies the 
task by allowing users to select variables and click on the 
‘GO’ button so that they can view the numbers.  
Figure 2 shows the practical solution to this problem allow-
ing the user to hover the mouse over Skåne after specifying 
the variables breast cancer; all ages; year 2010 and both 
genders on the top section above the map. 
Design Case Study 2: 
Problem: Finding the number of occurrences of cancers 
of the bone for both genders living in Blekinge, and at the 
same time, see how the same type of cancer has been diag-
nosed in patients aged between 2 – 84 years. In addition, 
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find how many autopsied cases in the course of death regis-
ter of 2009 had cancers of the Stomach; Colon and rectum; 
Pancreas; Bronchus and lung; and Prostate. 
 
 
           Fig. 3: Design Case Study 1, A Dashboard solution 
 
Solution 1: For such a complicated task, the current solu-
tion executes each of these sub-tasks separately following 
the same steps as in design case study one, which ends up in 
using too much time going through the bulk data, something 
that is not very pleasant for the users. Extracting informa-
tion from performing this task may lead to information loss, 
as the user is not provided with possibilities to look at this 
data from different angles. 
Solution 2: Even though this task may seem complicated, 
the designed prototype provides users with an easy to use 
dashboard function with possibilities to view all the data 
from all the sub-tasks in one screen. Figure 3 shows a solu-
tion to the stated problem on a dashboard with interactive 
features allowing users to directly interact with the system.  
V. EVALUATION AND CONCLUSIONS 
Nielsen’s ten heuristics [4] were used as a guideline in 
order to evaluate the elements of the user interface during 
the evaluation process. Master students with a background 
in HCI and who have experience in practicing usability 
methods were used as experts to evaluate the designed arti-
fact. The prototype scored highly on all ten dimensions: 
H1=Visibility of system status scored 9.8 out of 10; 
H2=Match between the system and the real world scored 
10; H3=User control and freedom scored 9.8; 
H4=Consistency and standards scored 10; H5= Error pre-
vention scored 9.8; H6=Recognition rather than recall 
scored 10: H7=Flexibility and efficiency of use scored 9.8; 
H8=Aesthetic and minimalist design scored 10; H9=Help 
users recognize, diagnose, and recover from errors scored 
9.6; and H10= Help and documentation scored 9.4. 
The results suggest that users were comfortable with the 
interaction and were able to extract meaningful information. 
In e-learning settings the interface could provide in-depth 
understanding of clinical data by enabling users to explore 
different dimensions and types of data. The designed proto-
type enables possibilities for the broader audience to inter-
act with the system, visualize and acquire data for their 
personal needs such as type of cancer, complications, out-
comes, clinical trials, and all in an efficient and user-
friendly manner. 
There is a huge increase of software applications in clini-
cal areas [7][8], which provides opportunities to largely 
improve the ways we use clinical data. We have shown the 
contribution of smart, simple interfaces to explore data and 
utilize the information that is otherwise hidden in the re-
ports and databases.  
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